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Feasibility Study Summary

Please provide a brief, 4-5 sentence summary of the feasibility study. This summary should include
a brief description of the goal of the water conservation, reuse, or storage project being studied and
the purpose of the study. Please refer to the Feasibility Study Grant Application Instructions for
additional information on what to include in your study summary.

This proposed study would assess the feasibility of using Aquifer Storage and Recovery (ASR) for
storing water from Gordon Creek for use during the source limited times of the year to support
municipal water supply for the Corbett Water District (CWD). The study would design and construct
an exploratory test well to evaluate the hydraulic properties of the aquifer and the geochemical
compatibility between the surface water and the groundwater, and assess the feasibility of the
groundwater resource and an ASR well. The study would also provide the storage-specific study
requirements as required for projects that divert water from a stream that supports sensitive,
threatened or endangered species. The proposed study would also assess the feasibility of a water
supply well constructed into the Columbia River Basalt Aquifer. Information from the study will
guide the CWD with its decision on whether to proceed with utilizing the groundwater resource to
supplement the existing surface water supply resource because other water supply alternatives are
not available.

V.

Study Location

Instructions: Please answer the following questions about the location of the feasibility study and
project being evaluated.

2.

Please provide the following information about the study and project location.

a. Latitude/Longitude (in decimal degrees): 45-30-39.18 N/ 122-11-53.58 W

b. County: Multnomah
c. Watershed/Basin (HUC 10 number): 1708000108

Please attach a site plan map showing the following and label as Attachment #1.:

a. Feasibility study area boundaries f.  Property boundaries

b. Project area (if implemented) g. Surface water bodies

c. True north arrow h. Sampling locations (if proposed)

d. Map title and legend i. Points of Diversion and Place of Use, labeled
e. Latitude and longitude for each water right (if applicable)

4. Check the box which best describes the properties involved in the proposed Feasibility Study.

a. [This Feasibility Study will not impact or access lands.

b. [XThis Feasibility Study will impact or access lands. Complete the table below to identify any
properties where access is required for the feasibility study or on which the study would occur.
Add rows as needed.
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Tax Map Number Tax Lot Number (v One) Property Owner of Record

Ownership Type

1S5E04-01500 |:|Pu.b||c Jeffrey Hargens and Linda Hargens
Private

OPublic
OPrivate

OPublic
OPrivate

OPublic
OPrivate

OPublic
OPrivate

Attach a signed Landowner Agreement form for each property listed in Question #4 where access to
the property is required or on which the Feasibility Study would occur. Attach Landowner
Agreement form(s) only for those properties involved in the Feasibility Study and label Attachment
#2. (Landowner Agreement forms may be found on the Applications, Forms and Guidance
webpage.)

a.

Where a single landowner entity is the owner of record for multiple properties, one form may
list the multiple properties owned by that entity.

For public lands attach the landowner form or other documented authorization from the federal
or state government property owner allowing the feasibility study activities or documentation
that demonstrates such authorization is being pursued.

Check the box which best describes the properties involved in future project Implementation.
Identify any lands that would be impacted or accessed during future project implementation. Check
all that apply and provide the requested information.

a.

X The proposed project, if implemented, will only impact or access lands already identified in
Question 4 (must have selected box b under question 4).

[IThe proposed project, if implemented, will likely impact or access lands during
implementation, but those lands likely to be accessed or impacted have not been identified, OR
this question is not applicable. If this box (6b) is checked, do not complete the table below.

LIThe proposed project, if implemented, is highly likely to impact or access additional lands
during implementation. If this box (6c) is checked, complete the table below to identify any
additional properties (those not already identified under question (4)) where access is required
for future project implementation. Add rows as needed. No Landowner Agreement forms are
required for lands listed only under this question.
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[6) hip T
Tax Map Number Tax Lot Number w?‘e/rso':e)ype Property Owner of Record

OPublic
OPrivate

OPublic
OPrivate

CIPublic
OPrivate

OPublic
OPrivate

OPublic
OPrivate

V.

Feasibility Study Specifics

Instructions: Please answer all questions in this section. As applications are expected to result in
additional pages to complete this section, you may attach your responses on a separate document as
long as you indicate the question numbers in your response.

Study Description, Needs, and Goals

7.

Describe the feasibility study goal.

The goal of the study is to determine the feasibility of installing an Aquifer Storage and Recovery
(ASR) well in the upper elevations of the Corbett Water District (CWD). This goal will be
accomplished by drilling an exploratory test well, characterizing the geologic, hydraulic and
geochemical characteristics of the receiving water in the target aquifer, assessing the viability of
using Gordon Creek as source water for ASR, and determining the long-term sustainability of an
alternative source for municipal water supply. Favorable results from the feasibility study will
confirm CWD’s approach to using ASR for the additional water storage needed to serve the district
currently and into the future.

The surface water source for the CWD has shown vulnerability in recent years. The sole water
source is surface water diversions from Gordon Creek, including both the North Fork and the South
Fork (Water Right Certificates No. 81430 and No. 81431). In 2016-2017, logging occurred in the
South Fork basin and since then surface flows have gradually declined, to the point that, in 2019,
creek flow was too low to withdraw any water. Creek flows in both forks have also become “flashy”
due to changing climate patterns, meaning quicker peaks during the wet season and lower summer
flows.

In addition, Gordon Creek is a tributary to the Sandy River which contains threatened and
endangered fish species. ASR is being considered since groundwater availability is limited within the
Sandy River Basin by Oregon Administrative Rule (OAR) 690-503. An ASR well could provide
environmental benefits by using ASR water to augment river flows and enhance in-stream flows in
Gordon Creek.

In addition to studying the feasibility of an ASR well, the feasibility of constructing a production well
as a redundant groundwater source would also be studied. If the CWD were to lose its sole water
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supply due to contamination of Gordon Creek, it would create a water emergency and put the
welfare of the entire community at risk. The viability of the watershed was threatened during the
Eagle Creek fire, and other threats could occur in the future due to a variety of causes. A new well
source would provide redundancy to the system and avoid the potential total loss of the District’s
water source. A new groundwater source or ASR system would provide redundancy to the system
and both options could be evaluated using essentially the same data set.

If feasible, an ASR well would be a cost-effective and environmentally sustainable approach for
storing water, and preliminary studies suggest that an ASR is feasible. Please refer to the
attachments to this application for additional information on alternatives that have been
considered.

Describe how the proposed study would achieve the goal.

The goal of this study is to determine the feasibility of an ASR and/or production well. To achieve
this goal, the study will include:
e |Installation of an exploratory test well.
e Evaluation of hydraulic and geochemical properties of the receiving target aquifer for ASR.
e Analysis of environmental aspects of supplying the ASR from Gordon Creek and how the
project will serve the CWD’s future water demand (i.e. the storage-specific study
requirements).
e Preparation of a feasibility analysis for an ASR well.

With this information the overall project feasibility of an ASR well can be established. A more
detailed task list of these bulleted work items is provided in response to Question 14 of this grant
application.

Describe the identified water need (local, regional, or statewide). Please provide data or a narrative
substantiating the need.

The CWD provides municipal water service to a rural area of Multnomah County that lies east of the
Sandy River, south of 1-84, north of Gordon Creek (a tributary to the Sandy River), and west of a US
Forest Service area (generally known as Larch Mountain). The District area extends about 9 miles
east-west and about 2.4 miles north-south, encompassing an area of about 22 square miles. It
serves a population of about 3,200 people using a gravity fed distribution system.

Maximum capacity of the District’s water treatment plant is 650 gpm. During the summer, peak
demand is 1,000 gpm - 1,200 gpm. The excess demand is accommodated by drawing out of
Reservoir #6, which then recovers during the night when less water is being used. Refilling Reservoir
#6 is difficult during the summer, even at full water production. If an event were to occur at the
treatment plant during the summer that compromised the water plant and limited water
production, such as the plugging of a filter pond, the reservoir could run dry and create a water
emergency. For example, last winter (2018-2019) a filter pond plugged that reduced water
production to 350 gpm. Fortunately, this occurred during the winter. If this would have happened
during a summer month, Reservoir #6 would likely have run dry.

An ASR would provide the additional water storage to accommodate peak demand without drawing
down Reservoir #6 beyond the point of recovery. With an ASR, water stored in the ground could be

pumped out of the ground and added back into the system to accommodate the excess demand. It

would also enable drawing less water out of Gordon Creek which may be beneficial for ecological
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10.

11.

12.

flows for the sensitive, threatened or endangered fish species in the Sandy River. This potential
benefit will be studied in more detail with the feasibility study.

Other alternatives have already been investigated (see attached exhibits). Each of the other
alternatives have been found not to be ideal for various reasons. This includes:
e Development of a new groundwater source at various locations within the District.
e Construction of above-ground reservoirs at various locations within the District
e Tying into other municipal water sources in the area.

An ASR well and/or a well into the deep Columbia River Basalts aquifer has evolved as the most
viable due to its location at the higher elevation of the district, its proximity for connection to the
water system, and availability of 3-phase power.

Long-term projections for water demand were presented in the latest Master Water Plan update. It
was concluded that growth in the District is expected to be slight in the foreseeable future, which is
consistent with what the District has experienced during the latest economic growth period.
Accordingly, if feasible, an ASR well would serve the community’s water storage needs far into the
future.

Please provide evidence that water is available to meet the above described need. Evidence can
include regulatory and physical information regarding water availability.

Gordon Creek will be the water source for the ASR. CWD has surface water rights for 2.0 cfs at both
the South Fork and the North Fork headworks. The existing treatment plant has the capacity to treat
1.45 cfs (equivalent to 342 MG/year or 650 gpm), so system capacity is not restricted by water
rights.

In 2018 (the most current record available) CWD pulled 270 MG from Gordon Creek and ran it

through the treatment plant. Of the 270 MG that was treated, 160 MG was delivered and 110 MG
was returned to the creek. Accordingly, 110 MG of treated source water annually would easily be
available for ASR without exceeding treatment facility capacity or existing water right allocations.

In July of 2019 the CWD attended a pre-application meeting with OWRD to discuss ASR and the
potential for groundwater rights. The meeting was attended by Amy Landvoigt (District 20
Watermaster) and Dennis Orlowski (Hydrogeologist). The overall sentiment from the meeting was
that water rights for a deep water well into the Columbia River Basalts and a limited license ASR
could both be feasible, but conditions may be required for construction of the well based on
encountered hydraulic conditions.

Describe the level of community support and commitment associated with the study. This may
include any collaborative water planning efforts undertaken to identify the project or study.

The communities of Corbett and Springdale are both supportive of the idea to secure an alternate
source of potable drinking water. This topic has been discussed at many CWD monthly board
meetings, which are open to the public and for which meeting agendas are posted on the CWD
website. Several environmental organizations with interest in the Gordon Creek Watershed also
support lessening impact on fish and wildlife that depend on the same surface streams that provide
raw water to the district for treatment.

Describe how implementation of the project could benefit and/or impact the community.
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The current surface water source is subject to climactic variability, timber harvesting and natural
disasters with wildfire being the greatest concern. If implemented, this project would allow storage
of large quantities of water below ground. Above ground storage (reservoir capacity) is far below
the recommended percentage of storage versus daily demand. CWD currently has a maximum of
two days of storage available, leaving the community without fire protection from fire hydrants and
no water to use for drinking and cooking if the source is compromised. Should this study also
determine that a deep water well is possible, it will provide a sustainable redundant source of safe,
clean potable water to the communities for many generations to come.

An increase in water rates would be a result from the implemented project. The District is very
aware of how a rate increase can impact its customers. Cost estimates have been prepared for the
implemented project so that rate increases could be projected under various funding scenarios. The
Board of Commissioners has voted to move forward with the project and accept a future rate
increase in order to finance the implemented project.

13. List letters of support (name and/or affiliation of sender). Attach copies of the letters to your
application.

e Corbett School District
e Oregon State Parks
e Corbett Fire District #14

Study Key Tasks

14. Identify the study key tasks necessary to conduct the feasibility study using the following format and
including as many tasks as necessary to complete the study. In the event that your study receives
grant funding, the key tasks identified will be incorporated into your grant agreement as the
“Statement of Work.” Please note: Project management and administration are common functions
within a specified key task and not separate key tasks themselves.

Task number. Key Task Title
e Task schedule: The approximate dates during which the key task will be completed.
e Description of key task activities: Include specific details of the task such as task purpose, planned
approach, appropriate technical information, proposed methods, and rationale for the approach.
e Qualified personnel that will complete task: Include a description of the professional experience,
professional qualifications and licensure of personnel necessary for task work.

Task 1: Environmental and Land Use Review
e Task schedule: May 2019 — September 2019

e Description of key task activities: Environmental and land use reviews were performed in 2019.
The purpose of this work was to confirm that the selected site did not have fatal flaws.

o A Pre-Application conference was held with Multnomah County to determine land-use
requirements that will apply to the project. Information was provided at the meeting that
confirmed the project would be allowed as a Community Conditional Use in the CFU-4 zone
(Commercial Forestry Unit 4).
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o An Environmental Review was prepared that assessed how the preferred alternative would
affect the environment and assessed the environmental consequences of the proposed
project. It was determined that the project site does not contain any wetlands or other
federally regulated resources. No environmental effects were identified if the project were
to be implemented.

o A Cultural Resources Investigation was completed in accordance with the requirements of
Section 106 of the National Historic Preservation Act (NRHP). The investigation of this
project area entailed background research, an assessment of visual impacts, a surface
survey, and subsurface surveys. This work resulted in the identification of no cultural
resources that may be affected, directly or indirectly, by the proposed project, and
recommended a determination of No Effect upon Historic Properties for the project.

Qualified personnel:

o Eric Eisemann, J.D. Sole Proprietor/Senior Planner, E2 Land Use Planning: Eric Eisemann
advises local governments about complex land use planning issues. He has considerable
experience securing land use approvals for projects on rural lands in Multnomah County and
has a thorough understanding of the land use processes applicable to this project.

o John van Staveren, Wetland Scientist/Biologist, Pacific Habitat Services: Mr. van Staveren
directs environmental and regulatory compliance activities for an environmental consulting
firm local to the project area. He has conducted over 1,000 wetland delineations, 30 Local
Wetland Inventories and riparian inventories, and has designed and implemented dozens of
freshwater and estuarine wetland mitigation plans.

o Alexander Gall, M.A., RPA, Principal Investigator, Archaeological Services, LLC: Mr. Gall has
acted as Principal Investigator/Project Manager on over 1,200 cultural resources projects of
all types and sizes throughout the project area.

Task 2: Design Exploratory Test Well for ASR and Production Well

11

Task schedule: November 2019 — January 2020

Description of key task activities: A single exploratory test well will be used for evaluation of both
ASR and water production. A design for the exploratory test well will be developed based on the
anticipated geologic and hydrogeologic conditions from available and inferred data, water well
information, and geologic and hydrogeologic reports near the project test area. The purpose of
the test well is to confirm sufficient water quantity and acceptable water quality are present for
drinking water use and to identify potential limitations of utilizing the basalt aquifer(s) present in
the project area for long term sustainable water supply and/or ASR.

Qualified personnel: Christopher Augustine, RG, CWRE, Project Director, SCS Engineers: Mr.
Augustine has over 18 years of experience as a consulting hydrogeologist delivering water supply
and storage projects. He has extensive technical expertise with all aspects of ASR feasibility and
operation in the CRBG aquifers in Oregon and Washington, aquifer recharge (AR), drilling of deep
high capacity wells, water rights and ASR/AR permitting, geochemical evaluation and advanced
single and multi-well pumping test analysis.
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Task 3: Drill and Construct an Exploratory Test Well

e Task schedule: January 2020 — October 2020

e Description of key task activities:

Following preparation of the engineering plans and specifications, bids will be advertised to drill
and construct an exploratory test well. A contract to complete the work will be awarded to the
lowest responsible bidder. This task will include:

O
O

Drill and construct a test well.
Evaluate geologic and hydrogeologic conditions encountered during test well installation for
suitability of a production well and ASR.
= Sample and analyze the encountered Columbia River Basalt Group (CRBG)
stratigraphy
= Evaluate and infer basalt flow and interflow stratigraphy in hand specimen
= |dentify water bearing zone(s)
= Identify changes in hydraulic head between water bearing zones (if any) during
drilling to evaluate the potential for co-mingling of aquifers
= Evaluate key water quality parameters during drilling
= Perform video survey of the open borehole portion of the well to confirm
stratigraphic and structural interpretations inferred from drill cuttings and
qualitatively evaluate intra-borehole flow
Geologic and hydrogeologic data will be shared with the OWRD and the United States
Geologic Survey (USGS) to supplement the CRBG knowledge in the region. After
petrographic examination of in hand specimen, drill cuttings will be submitted for
geochemical analysis by x-ray fluorescence (XRF) at a qualified laboratory.
Water quality in the CRBG may have concentrations of minerals that exceed regulatory
requirements for drinking water and suitability for use as potable water supply without
treatment. Water quality samples will be collected to evaluate changes in water quality with
depth. Co-mingling of water bearing zones will be evaluated qualitatively using down hole
video survey methods.
Based on those observations, discrete water quality sampling and geophysical methods to
evaluate zonal contributions and/or intraborehole flow may also be recommended as part
of Task 4 below.

e Qualified personnel:

O
O
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A qualified well driller.

Christopher Augustine, RG, CWRE, Project Director, SCS Engineers: Mr. Augustine has over
18 years of experience as a consulting hydrogeologist delivering water supply and storage
projects. He has extensive technical expertise with all aspects of ASR feasibility and
operation in the CRBG aquifers in Oregon and Washington, aquifer recharge (AR), drilling of
deep high capacity wells, water rights and ASR/AR permitting, geochemical evaluation and
advanced single and multi-well pumping test analysis.
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Task 4: Evaluate Exploratory Test Well Hydraulic Properties

Task schedule: December 2020 — January 2021

Description of key task activities: On the basis of observations during the drilling and construction,
a long duration constant rate pumping test and geophysical testing program will be developed.
The purpose of the testing program will be to estimate target aquifer properties such as specific
capacity, bulk, and zonal transmissivity of the water bearing zones, and identify aquifer boundary
conditions, if present. Long-term sustainability of the groundwater resource for municipal water
supply and ASR feasibility will be evaluated based on the observed hydraulic response.

Key objectives of this task include:

o Determine hydraulic properties of the encountered aquifers.
Identify hydrogeologic boundaries such as recharge or flow-limiting boundaries.
Evaluate water quality and/or changes in key water quality parameters with pumping.
Evaluate zonal transmissivity and contribution of individual water bearing zones.
Observe recovery and long-term water level trends after pumping test is completed.

O O O O

Standard pumping test design and analysis will be performed to evaluate well performance,
aquifer properties and sustainability of the groundwater resource. If boundary conditions are
identified during the pumping test, more advanced reservoir modeling methods of analysis such
as derivative analysis may be used to evaluate the potential for the groundwater resource.

Static and dynamic geophysical and geochemical profiling of the well may be performed as part of
this task based on observations from Task 3. Flow profiling, using a dye tracing method or
geophysical flow evaluation using a spinner log, will be used to estimate zonal contributions of the
individual water bearing zones and identify vertical intraborehole flow, if present. If poorer water
quality zones are observed during drilling, discrete geochemical samples may also be performed.

Qualified personnel: Christopher Augustine, RG, CWRE, Project Director, SCS Engineers: Mr.
Augustine has over 18 years of experience as a consulting hydrogeologist delivering water supply
and storage projects with extensive technical expertise in all aspects of ASR feasibility and
operation including analytical modeling of highly bounded and compartmentalized aquifers. Mr.
Augustine has prior experience in both Oregon and Washington with evaluation and feasibility of
both water quality- and quantity-limited ASR test wells.

Task 5: Evaluate Geochemical Compatibility for ASR
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Task schedule: December 2020

Description of key task activities: An analytical program will be designed to support an assessment
of geochemical compatibility and any additional treatment requirements to allow underground
storage of treated surface water. The geochemical assessment will focus on primary physical
parameters, cations, anions, and select metals likely to be present in surface water with the
potential to interact with the subsurface.

Specific activities include:
o Collect a full suite of primary and secondary drinking water contaminants of groundwater to
DEQ and OHA standard in the water bearing zones.
o Perform a geochemical and biological assessment of the test well to determine the potential
for adverse geochemical reactions during injection, biological clogging and potential for
failure of the well.
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o Identify additional treatment, distribution system flushing, or source water polishing needed
to prevent biological or physical clogging of the well during ASR injection.

Samples will be collected in compliance with accepted sampling protocols and analytical
methods typically used in ASR monitoring plans and quality assurance project plans. A
groundwater quality sample will be collected and analyzed for a full suite of geochemical
parameters to establish existing water quality, compare water quality with regulatory standards,
and evaluate if potential for biological clogging of the well and/or aquifer is present. The source
water sample will be similar to the groundwater list of analytes and will focus on constituents
sometimes found in treated surface water such as turbidity, nitrate, and pathogens. As noted
above, a biological assessment of iron-related, sulfate-reducing and slime-forming bacteria will
be collected and analyzed from the source water in the distribution system near the project
area.

The water quality analyses of both source and receiving water will be used to compare their
chemistries to other basalt-hosted ASR projects and perform simple bulk mixing modeling with
the USGS geochemical modeling software PHREEQC. This will be used to determine whether
additional geochemical compatibility is a concern for feasibility and will also be used in design of
the ASR injection system if additional pre-treatment or disinfection is required (i.e. booster
chlorination, etc.).

Qualified personnel: Christopher Augustine, RG, CWRE, Project Director, SCS Engineers: Mr.
Augustine has extensive technical expertise with all aspects of ASR feasibility and operation
including geochemical evaluation and identification of biofouling potential and well rehabilitation
of biofouled water supply and ASR wells in the northwest, particularly in the basalt wells in the
Portland and Tualatin basins. He has developed innovative methods to allow for operation and
maintenance of water supply and ASR wells with a history of biofouling occurrence, including
newly constructed water supply and ASR wells in the Portland Basin. He will evaluate groundwater
quality, bacteriological communities in the distribution system and test well and perform
geochemical reaction modeling of source water with native groundwater.

Task 6: Storage-Specific Study Requirements

14

Task schedule: November 2020 — February 2021

Description of key task activities: Gordon Creek is a tributary stream to the Sandy River, which
supports sensitive, threatened or endangered fish species. Since the project will divert water from
Gordon Creek it triggers one of the criteria for providing storage-specific study requirements. The
purpose of providing the storage-specific study requirements will be to ensure that construction
of the water storage project will not harm ecological or environmental resources, to identify
opportunities to mitigate possible environmental harm, and to confirm that the project is
compatible with future CWD projects to serve the long-term water needs of the community.

The Storage-Specific Study will address the following requirements:
o Provide an Analysis of Ecological Flows, including an assessment of the impact that diverting
flows has on bypass, optimum peak, and flushing flows.
o Provide a Comparative Analyses of Alternative Means of Supplying Water, including
development of a list of alternative means of supplying water and providing a comparison of
the alternative means of supplying water with the proposed ASR project.
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15

o Provide an Analysis of Environmental Harm or Impact. A Cultural Resource Survey and an
Environmental Review have already been prepared for the project (Task 1). These studies

indicate that no environmental harm and no affects to cultural resources will result from
construction of the project. (See Exhibits ‘C’ and ‘D’.) The results of these studies will be
included in the report.

o Provide an evaluation of Need and Ability to Augment Instream Flows.

An analysis will be provided to determine the need to augment instream flows to
conserve, maintain and enhance aquatic life and any other ecological values.
Summaries of water available in the basin and streamflow that is legally protected
by existing instream water rights or scenic waterways within the stream reach of
interest or downstream of the project area will be included. The impact of the
proposed storage project on these items (i.e., water availability and by-pass,
optimum peak, flushing, and other ecological flows) will be evaluated and the need
to augment instream flows to help meet ecological flows will be evaluated.

An analysis will be provided for the feasibility of instream flow augmentation to
Gordon Creek from the project. The study analyses will include a hydrologic analysis
of the area above the project, an analysis of the project’s storage capabilities
throughout the year, and an evaluation of the feasibility of if/how the project can
operate to augment instream flows.

o Provide an Analysis Related to Municipal Use. The Corbett Water District is a municipal
water supply and this special study requirement applies to this project.

An evaluation of future local and regional water demand will be provided. This will
include an analysis of existing data/reports of estimated municipal water demand,
including the adopted Water Master Plan, and how the project would impact other
nearby communities.

The relationship of the proposed storage project to existing and planned
infrastructure projects will be studied. The study will review the District’s CIP and
the Water Master Plan and discuss strategies to address water and infrastructure
needs.
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Qualified personnel:

Shane Latimer, PhD CSE, SCS Engineers: Dr. Latimer is an environmental planner, ecologist, and
toxicologist with over 30 years of experience in environmental assessment, planning, permitting,
and implementation. His specialty is developing projects that challenge the interface between the
built and natural environment, including municipal drinking water facilities. These projects often
require careful assessments of alternatives, impacts, and opportunities to successfully navigate
the applicable public regulatory processes (e.g., NEPA, local land use, etc.) while ensuring
environmental integrity. Dr. Latimer has a thorough understanding of engineering concepts and
practices and is adept at working collaboratively with engineers and other professionals to ensure
an optimum balance between environmental and engineering constraints. A main area of focus of
Dr. Latimer’s work during the last 25 years has been planning, permitting, and implementation of
large projects that require substantial compensatory mitigation of wetlands and waters, as well as
stand-alone ecological restoration projects. Many of these projects typically include significant
issues related to species listed under the Endangered Species Act (e.g., salmonid fish), fish
passage, floodplains, riparian zones, stream flows, stormwater treatment, water rights, and
ecological integrity, often in the context of water use.

Tim Shell, PE, Senior Engineer, Wallis Engineering: Mr. Shell has over 30 years experience in the
design and construction of municipal water supply systems, including roles as both a consulting
engineer and a public works director. Mr. Shell has been responsible for overseeing the
development and implementation of water master plans for various municipalities and has been
working with the Corbett Water District on this project for over a year.

Task 7. Evaluate Aquifer and ASR Feasibility

Task schedule: November 2020 — February 2021

Description of key task activities: Information from the test well drilling and testing programs will
be integrated into available geologic and hydrogeologic information compiled by Yinger and
Associates (2016) and SCS (2018). The data will be used to determine the long-term feasibility for
groundwater resources as a viable solution to meet future supply and storage demands for the
CWD.
Specific activities include:

o Evaluate the hydrogeologic conceptual model and flow regime of the aquifer.

o Estimate well performance during pumping and injection to develop:

= Target pumping rates, drawdown and pumping levels during production.
= Target injection rates, build-up and recharge levels during injection.
o Estimate design parameters for a large diameter production well.
o Estimate target storage volumes, the potential for loss of stored water, and the radius of
influence of the ASR well (i.e. potential for well interference).

o Preparation of draft and final reports.
Qualified personnel: Christopher Augustine, RG, CWRE, Project Director, SCS Engineers: Mr.
Augustine has 18 years of technical expertise working on projects that involve all aspects of ASR
feasibility and operation including evaluating pumping test data in complex geologic settings in
both Oregon and Washington. He has extensive experience using advanced aquifer test analytical
methods to evaluate well performance, aquifer properties, aquifer geometry and boundaries, ASR
feasibility for water supply wells and reservoir potential and optimization for water supply and
ASR wellfields.

15. Study Task Scheduling — Estimated duration of feasibility study: May 2019 to February 2021
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Place an “X” in the appropriate column to indicate when each task of the project would take place.

Study tasks should match those listed as part of your response to the previous question.

Feasibility Study Key Tasks Grant year Grant year Grant year

(Add additional rows as needed) 2019 2020 2021
Q1102|0304 |Q1|02|03|Q4|Q1|Q2|Q3 |04

Environmental and Land Use Review | [] O Y A O

Design Explqratory Test Well for ASR Ololo ololololololo

and Production Well

Drill and Construct an Exploratory Olololo olololo

Test Well

EvaIuat(? Exploratgry Test Well ololololololno Oololo

Hydraulic Properties

Evaluate Geochemical Compatibility ololololololno olololo

for ASR

Storage-Specific Study Requirements | (1 | O | O | O | O | O | O 0| d|d

Evaluate Aquifer and ASR Feasibility OO0 080|000 [ T Y I

Permits and Regulatory Approvals

16. Identify any water rights required needed to complete the proposed Feasibility Study below. Check
all of the following that apply and provide the information requested:
a. No water rights are required to complete the proposed study.
b. [ The proposed study requires a new water right or other water right transactions. If checked,
list the transaction(s) required (e.g., new right, transfer, etc.):

c. [ The applicant has legal access to a water right that will be used to conduct the study. The
proposed study requires a water right, and the applicant holds or has been given permission to
utilize the water right(s) for the proposed study. If checked, list all water rights required for the

study in the table below, adding rows as needed. See the Application Instructions for further
guidance, including how to find water right information.

Water Right Number

Is this an application, permit,
certificate, limited license, special or
(Include prefixes, if applicable, final order, transfer, decree, lease,

e.g., CW 12345) or claim?

Tax Lot IDs within the Place of Use
where water will be used to
complete the study

17. Identify any water rights needed to implement the proposed Project below. Check all of the
following that apply and provide the information requested:

a. [ The applicant does not know what water rights or water right transactions are required for
the project. That will be determined through this study or other effort at a future date.

b. The proposed project requires a new water right or other water right transactions. If
checked, list transaction(s) required (e.g., new right, transfer, etc.):

17
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c. [ The applicants holds the water right(s) required for the project. If checked, include list of
rights in the table below, adding rows as needed. See the Application Instructions for further
instruction, including how to find water right information.

. L Water Right Amount
Water Right Number Is t.h's an ‘a!)pllcat!or?, [} Tax Lot IDs within the
(Include prefixes, if (PRl CEEEL, [liEe] || 2 = S | Place of Use where water
a Ii’::able ’ L G AL % $ @ g ‘E g will be used to implement
o gppG 0001'0) order, transfer, decree, 2 §_ x2| A b TG (e p:')oject
8 q )
D lease, or claim? S 3 -
Limited License for ASR 1S5E04-01500

18. Provide a list of any other permits and regulatory approvals needed to conduct the Feasibility Study
and indicate the status of each in the table below. If permits/approvals are required, please submit
copies of secured permits/approvals or describe efforts to secure permits/approvals including
status. If no permits or authorizations are required for the study, provide an explanation:

Study Permit/ Regulatory Approval Status and Efforts To Date
None required

19. Provide a list of the permits and regulatory approvals that you anticipate would be needed to
implement the proposed project being studied. If permits/approvals are not required, please explain
why and provide information regarding any agencies contacted to verify this determination:

Project Permit/Regulatory Approval (add rows as needed)
Community Service Conditional Use Permit from Multnomah County
Multnomah County Design Review

VI. Feasibility Study Budget
Instructions: Please answer the following questions about the study budget using the tables provided.
20. Please provide an estimated line item budget for the proposed feasibility study. Examples include:

Direct project specific costs, such as in-house staff salary, contractual services, and administrative
costs. See the Department’s Budget Procedures and Allowable Costs for further guidance.
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Number of Unit Cost

OVERALL STUDY BUDGET Units* (e.q. InKind | 2P OWRD Total

. Match Grant
Line Items (e.g. # of hourly Match Cost

Funds Funds
Hours) rate)

Staff Salary/Benefits $5,000 $5,000
Contractual/Consulting $292,100 | $279,300 || $571,400
Equipment (must be approved)
Supplies
Travel
Other:
Administrative Costs** $5,000 $5,000 $10,000
* The “Unit” should be per “hour” or “day” — not per Total | $5,000 | $297,100 | $284,300 || $586,400
“project” or “contract.” Units x Unit Costs = Total Cost
** Administrative Costs may not exceed 10% of the total
funding requested from the Department

21. Identify the budget for each key task below. Key tasks identified below should be the same as the

key tasks identified in Questions 14 and 15.

Feasibility Study Key Tasks In-Kind | Cash Match OWRD Total Cost

(Add additional rows as needed) Match Funds Grant Funds

Task 1: Environmental and Land Use Review $25,100 $7,300 $32,400

Task 2: Design Exploratory Test Well for ASR and $10,000 $10,000 $20,000

Production Well

Task 3: Drill and Construct an Exploratory Test Well $5,000 $196,000 $201,000 $402,000

Task 4: Evaluate Exploratory Test Well Hydraulic $37,500 $37,500 $75,000

Properties

Task 5: Evaluate Geochemical Compatibility for ASR $6,000 $6,000 $12,000

Task 6: Storage-Specific Study Requirements $10,000 $10,000 $20,000

Task 7: Evaluate Aquifer and ASR Feasibility $7,500 $7,500 $15,000

Administrative Costs $5,000 $5,000 $10,000
Total | $5000 | $297,100 | $284,300|| $586,400

VII. Match Funding

Instructions: Please answer the following question regarding matching funds.

22. Please fill out the table below and attach the appropriate documentation for both the secured and
pending match (add rows as needed). Keep in mind that applicants must demonstrate a minimum
dollar-for-dollar match. Please note that a failure to meet this requirement or to attach
documentation will result in an incomplete application that will not be considered for funding.

For secured funding, you must attach a letter of support or award from the match funding source

that specifically mentions the dollar amount identified for this study and as shown in the

“Amount/Dollar Value” column in the table below.
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2019



For pending resources, other written documentation showing a request for the matching funds must
accompany the application or documentation must identify the date on which a future funding
application will be submitted, identify the funding program, and provide evidence that the project is
eligible for the funding program identified.

Match Funding Source Date Match Funds
e . ) Type Status Amount/ Dollar )
(if in-kind, briefly describe the nature (v One) (v One) Value Available
of the contribution) (Month/Year)
Prepare site for installation of test Ocash Osecured
well Xin-kind (pending 55,000 06/2020
[cash Xsecured
2019-2020 Budget Cin-kind Cpending $250,000
[cash (secured
2020-2021 Budget Oin-kind Kpending $47,100
[cash Usecured
Oin-kind (pending
[cash Usecured
Cin-kind Cpending

VIII. Storage-Specific Questions

Instructions: If you indicated that your study is for a storage project, answer question 23 in this section.
If your study is for above-ground storage, also answer question 24. Please refer to the document on
Storage-Specific Study Requirements for guidance and information on completing this section, available
on the OWRD Funding Opportunities, Applications, Forms, and Guidance webpage. If your study is for a
water conservation or reuse project, skip this section.

23. Answer the following “Yes/No” questions about the storage project to be evaluated in the proposed

20

study.
A. Will the project divert more than 500 acre-feet of surface water annually? Yes[1 No
B. Will the project impound surface water on a perennial stream? Yes [ No

C. Will the project divert water from a stream that supports sensitive, threatened or endangered
species? Yes No [

If you answered “yes” to any of the questions above, you are required to address the following
analyses in your feasibility study. By signing this application, you are committing to include these
required elements in your feasibility study.

If you answered “yes” to (A), (B), or (C) above, attach a description of how you intend to address the
following required elements in your feasibility study (please refer to the document on Storage-
Specific Study Requirements for guidance and a description of the minimum acceptable standards
regarding these study requirements):

2019




i. Analyses of by-pass, optimum peak, flushing and other ecological flows of the affected
stream and the impact of the storage project on those flows.

ii. Comparative analyses of alternative means of supplying water, including but not limited to
the costs and benefits of water conservation and efficiency alternatives and the extent to
which long-term water supply needs may be met using those alternatives.

iii.  Analyses of environmental harm or impacts from the proposed storage project.

iv. Evaluation of the need for and feasibility of using stored water to augment instream flows to
conserve, maintain and enhance aquatic life, fish life and any other ecological values.

v. For proposed storage projects for municipal use only — For a proposed storage project that is
for municipal use, analysis of local and regional water demand and the proposed storage
project’s relationship to existing and planned water supply projects.

24. For Above-Ground Storage Only: Describe whether or not the storage project would include

21

provisions for using stored water to augment instream flows to conserve, maintain and enhance
aquatic life, fish life or other ecological values. As per statute and rule, above-ground storage
projects that include these provisions receive preference for funding over other storage projects.

N/A

2019



ATTACHMENT 1:
SITE MAP



4

7 Phoca Rock

#" Bridal Veil
”‘w%

(// N,
5 Reed Island,'/

Flaglsland

Gary Island\

Chatham [sland 50 : s
~Latourell

)
v

W oo ' ' N ‘
L e o e, %, 0 / WELL SITE
PROPERTY ool |

BOUNDARY

BUCK CREEK

e R, & o g » CORBETT WATER
CORBETT.WATER B g ¢ _ TREATMENT PLANT
DISTRICT BOUNDARY s - s o 3 ~ o R e

2 _I;,;,-amh;‘mand Attachment 1 - Vicinity Map
e il Corbett Water District
Water Well Feasibility Study

il WE:1466A October 2019

P:\14\1466A Corbett Wr Well Feasibility Study\500 DWG\S05 Exhibits\Vicinity Nap.dwg, 11/1/2019 2:16:21 PM, Chad Kays
Z { P 5 } e



AutoCAD SHX Text
P:\14\1466A Corbett Wtr Well Feasibility Study\500 DWG\505 Exhibits\Vicinity Map.dwg, 11/1/2019 2:16:21 PM, Chad Kays, 11/1/2019 2:16:21 PM, Chad Kays11/1/2019 2:16:21 PM, Chad Kays, Chad KaysChad Kays


o T TR =
a

wemeeee e Pressure. Pres

Approximate Location of Existing Waterline |—— 5 ST | p N

- , LY " . . R
N W - . 12" Transmission Main to F to Higher Pressure
- Lower Pressure Zone

Zone

-

N

i

Well Building

Stormwater / Pump . . \
to Waste Pond -

| \ a' / .
Generator \ Access Driveway

\ ¢ ‘ 2
N » = . .
N G
\ \._.—_ —
. I qﬁ b ) :_u .- I -
- . . Lattitute: 45° 30" 36.17" N

‘. - X, / ' ‘ Longitude: 122° 12' 00.10" W

100" Diameter well sanitary radius w ' ‘ Ly, _ l‘

| Attachment 1a - Well Site Plan

Corbett Water District
Water Well Feasibility Study

WE:1466A October 2019

~

==
- | . N

P:\14\1466A Corbett Wr Well Feasibility Study\500 DWG\S05 Exhibits\Prefiminary Well House Layoutdwg, 11/1/2019 2:17:20 PM, Chad Kays



AutoCAD SHX Text
0

AutoCAD SHX Text
SCALE IN FEET

AutoCAD SHX Text
15

AutoCAD SHX Text
30

AutoCAD SHX Text
P:\14\1466A Corbett Wtr Well Feasibility Study\500 DWG\505 Exhibits\Preliminary Well House Layout.dwg, 11/1/2019 2:17:20 PM, Chad Kays, 11/1/2019 2:17:20 PM, Chad Kays11/1/2019 2:17:20 PM, Chad Kays, Chad KaysChad Kays


ATTACHMENT 2:
SIGNED LANDOWNER AGREEMENT
FORM



&‘*’-\e’fl
o

-~

Instructions to Applicants: Work with landowners to complete this form for all properties
accessed for the study or on which the proposed study would occur. Submit this completed
form as part of your grant application. For questions contact

WRD_DL_feasibilitystudygrants@oregon.gov.

Project and Applicant Information
Project Name: Gordon Creek ASR Feasibility Study

Funding Applicant: Corbett Water District Co-Applicant (if applicable):
Funding Applicant Contact Information: Co-Applicant Contact Information:
Name: Jeff Busto Name:
Phone Number: 503-695-2284 Phone Number:
Email Address: cwdjeff@gmail.com Email Address:

Landowner Information — NOTE: Please include ALL landowners listed on the deed .
Landowner(s) Name: Jeff & Linda Hargens

Landowner’s Authorized Representative:

Landowner(s) Contact Information {or Authorized Representative)
{required) Address: 43180 SE Deverell Rd. Corbett, OR 97019 (optional) Phone Number: 503-695-3337

(optional) Email Address: jhargens@nwearthmovers.com

Property Information
List each property owned by the above-mentioned Landowner(s) on which the study would occur:

County Tax Map Number Tax Lot Number

Multnomah 1S5E04-01500

Landowner Acknowledgement

1. Jeff and Linda Hargens is/are the legal owner(s) (the Landowner) of the above described property (the
Property).

2. lam authorized to act on behalf of the Landowner.

3. lam aware of and agree to the above-mentioned proposed study and grant permission for the Applicant, and
the Applicant’s agents, to conduct the following activities on the Property. (List activities below)

a. ASR Test Well S

b.

C.

d.

4. | certify that the above-mentioned information is true and accurag®®, | am aware of and agree to the proposed
work, and | am authorized to sign as the Landowner or Authorized Besx

Signature of Landowner(s) or Authorized Representative:

VAt indl
[ £ MTMOLW-/

Date: _11/20/2019 Print Name: Jeff Hargens &LLingI/aiHargens

8/20/2019
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Corbett Water District 36120 E. Historic Columbia River Hwy.

Corbett, OR 97019

Expenditures

GENERAL FUND - Capital Outlay

Historical Data

Actual

Adopted Budget

EXPENDITURE DESCRIPTION

Budget Next Fiscal Year 2019-2020

EXPLANATION OF LINE ITEM: The District Feasibility study and ten year plan include research into an additional water source to supplement our current
supply. Further study of a well and permit process were started in FY2018-2019. This process will continue in 2019-2020 as well as pursuing grants and
loans for partial funding of the project. Moving forward with an additional water source is a priority for the District.

Second Preceding First Preceding This Year Proposed By | Approved Adopted
Fiscal Year 16-17 | Fiscal Year 17-18 | Fiscal Year 18-19 Budget Officer Budget Budget

1 - - 10,500 1|Buildings 10,500 10,500 10,500

2 3,799 1,200 0| 2[Filter Pond 1b 0 0 0

3 11,841 - 14,000 3|Fire Hydrants 14,000 10,000 10,000

4 - - 50,000 4{Ground Water 250,000 250,000 250,000

5 4,336 12,636 350,000 5|Meters - - -

6 44,144 - 45,000 6/Equipment and Vehicles 20,000 24,000 24,000

7 - 7,612 8,000 7(North Fork 8,000 8,000 8,000

8 2,688 - 0l 8|PRV Stations 0 0 0

9 2,704 - 8,000 9(Reservoirs 20,000 20,000 20,000
10 496 - 0| 10|South Fork (ODFW) 0 0 0
11 8,601 - 20,000 | 11|System Improvement 20,000 20,000 20,000
12 - - 9,700 | 12|Toilet Rebates - U.P. Grant 9,700 9,700 9,700
13 9,811 3,756 10,000 | 13]|Treatment Plant 10,000 10,000 10,000
14 2,844 - 21,500 | 14|Treatment Plant Computer System - - -
15 4,466 - 0 15]Audit Adjustment capital outlay 0 0 0
16 95,730 25,204 546,700 | 16/TOTAL CAPITAL OUTLAY 362,200 362,200 362,200
17 17
18 0 - 187,200 | 18|OPERATING CONTINGENCY 180,000 180,000 180,001
19 346,161 289,165 471,079 | 19|Total Expenditures Personnel Services (pg 2) 475,783 475,783 475,784
20 158,936 160,897 211,765 | 20|Total Expenditures Materials & Services (pg3) 235,865 235,865 235,865
21 95,730 25,204 546,700 | 21|Total Expenditures Capital Outlay (pg 4) 362,200 362,200 362,200
22 138,458 138,456 138,458 | 22|Total Expenditures Debt Service (pg 5) 138,458 138,458 138,458
23 23
24 739,285 613,722 1,555,202 | 24|TOTAL EXPENDITURES (line 18+19+20+21+22) 1,392,306 1,392,306 | 1,392,306
25 909,867 1,136,596 190,166 | 25(Unappropriated ending fund balance 112,729 112,729 112,729
26 1,649,152 1,750,318 1,745,368 26| TOTALS (must equal Pg 1 Total Resources) 1,505,035 1,505,035 | 1,505,035

Page: 4
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STORAGE-SPECIFIC STUDY APPROACH

Gordon Creek is a tributary stream to the Sandy River, which supports sensitive, threatened or
endangered fish species. Since the project would divert water from Gordon Creek it triggers the
criteria for providing storage-specific study requirements.

The purpose of providing the storage-specific study requirements includes:

To ensure that construction of the water storage project will not harm ecological or
environmental resources

To identify opportunities to mitigate possible environmental harm

To confirm that the project is compatible with future Corbett Water District projects and will
serve the long-term water needs of the community.

APPROACH:
The approach to providing the Storage-Specific Study will address the following requirements:

Provide an Analysis of Ecological Flows, including an assessment of the impact that diverting
flows has on bypass, optimum peak, and flushing flows.

Provide a Comparative Analyses of Alternative Means of Supplying Water, including
development of a list of alternative means of supplying water and providing a comparison of
the alternative means of supplying water with the proposed ASR project.

Provide an Analysis of Environmental Harm or Impact. A Cultural Resource Survey and an
Environmental Review have already been prepared for the project (Task 1). These studies
indicate that no environmental harm and no affects to cultural resources will result from
construction of the project. (See Exhibits ‘C’ and ‘D’.) The results of these studies will be
included in the report.

Provide an evaluation of Need and Ability to Augment Instream Flows. This will include:

o An analysis will be provided to determine the need to augment instream flows to
conserve, maintain and enhance aquatic life and any other ecological values. This will
include summaries of water available in the basin and streamflow that is legally protected
by existing instream water rights or scenic waterways within the stream reach of interest
or downstream of the project area. The impact of the proposed storage project on these
items (i.e., water availability and by-pass, optimum peak, flushing, and other ecological
flows) will be evaluated and the need to augment instream flows to help meet ecological
flows will be evaluated.

o An analysis will be provided for the feasibility of instream flow augmentation to Gordon
Creek from the project. The study analyses will include a hydrologic analysis of the area
above the project, an analysis of the project’s storage capabilities throughout the year,
and an evaluation of the feasibility of if/how the project can operate to augment instream
flows.

Provide an Analysis Related to Municipal Use. The Corbett Water District is a municipal water
supply and this special study requirement applies to this project.

o An evaluation of future local and regional water demand will be provided. This will include
an analysis of existing data/reports of estimated municipal water demand, including the
adopted Water Master Plan, and how the project would impact other nearby
communities.



o The relationship of the proposed storage project to existing and planned infrastructure
projects will be studied. The study will review the District’s CIP and the Water Master Plan
and discuss strategies to address water and infrastructure needs.

Qualified personnel:
Shane Latimer, PhD CSE, SCS Engineers: Dr. Latimer is an environmental planner, ecologist, and
toxicologist with over 30 years of experience in environmental assessment, planning, permitting,
and implementation. His specialty is developing projects that challenge the interface between the
built and natural environment, including municipal drinking water facilities. These projects often
require careful assessments of alternatives, impacts, and opportunities to successfully navigate
the applicable public regulatory processes (e.g., NEPA, local land use, etc.) while ensuring
environmental integrity. Dr. Latimer has a thorough understanding of engineering concepts and
practices and is adept at working collaboratively with engineers and other professionals to ensure
an optimum balance between environmental and engineering constraints. A main area of focus of
Dr. Latimer’s work during the last 25 years has been planning, permitting, and implementation of
large projects that require substantial compensatory mitigation of wetlands and waters, as well as
stand-alone ecological restoration projects. Many of these projects typically include significant
issues related to species listed under the Endangered Species Act (e.g., salmonid fish), fish
passage, floodplains, riparian zones, stream flows, stormwater treatment, water rights, and
ecological integrity, often in the context of water use.

Tim Shell, PE, Senior Engineer, Wallis Engineering: Mr. Shell has over 30 years’ experience in the
design and construction of municipal water supply systems, including roles as both a consulting
engineer and a public works director. Mr. Shell has been responsible for overseeing the
development and implementation of water master plans for various municipalities and has been
working with the Corbett Water District on this project for over a year.
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FIRE DISTRICT No. 14

October 22,2019

Oregon Water Resources Department
Attention: Grant Program Coordinator
725 Summer Street NE, Suite A

Salem, OR 97301

RE: SE Deverell Rd. Aquifer Storage and Recovery (ASR) Feasibility Study Grant 2019
Dear Grant Program Coordinator:

Water service from the Corbett Water District (CWD) is critical to Corbett Fire District #14. CWD
has installed and maintains 84 fire hydrants for our use in emergency firefighting in Springdale and
Corbett in the Columbia River Gorge National Scenic Area. These hydrants are vital to Corbett Fire
District #14 and the emergency services we provide in the National Scenic Area to homeowners,
visitors, Oregon State Parks and the US Forest Service.

We would like to convey our full support of the Corbett Water District’s application for an Aquifer
Storage and Recovery Feasibility Study Grant. The Corbett Water District currently supplies water
by a single surface water source in Gordon Creek. This supply of surface water is vulnerable to
natural disasters, such as the 2017 Eagle Creek Fire and meeting customer water usage demands.
The Aquifer Storage and Recovery and deep well will provide our community with a much-needed
additional water source. The additional water source will help ensure our strong, healthy fire and
disaster response capability.

Sincerely,

~ Dave Flood

Fire Chief
Corbett Fire District #14

Corbett Fire District #14
PO Box 1
Corbett, OR 97019
Phone: 503-695-2272 Backyard Burning: 503-695-2225 FAX: 503-662-6310

Website: www.corbettfire.com



35800 E. Historic Columbia River Highway
Corbett, Oregon 97019-9629
Administration Office; 503-261-4200
Grade School: 503-261-4236
Middle/High School: 503-261-4226

CAPS: 503-261-4269

Fax: 503-261-3641

Randy Trani
Superintendent

Robin Lindeen-Blakeley
Deputy Clerk

Corbett School District
No. 39
October 23, 2019

Oregon Water Resources Department

Attention: Grant Program Coordinator

725 Summer Street NE, Suite A

Salem, OR 97301

RE: SE Deverell Rd. Aquifer Storage and Recovery (ASR) Feasibility Study Grant Application 2019
Dear Grant Program Coordinator:

The Corbett School District would like to convey our support for the Corbett Water District’s SE Deverell Road
Aquifer Storage and Recovery Feasibility Study Grant.

The Corbett Water District currently supplies water by a single surface water source in Gordon Creek. This supply of
surface water is vulnerable to natural disasters, such as the 2017 Eagle Creek Fire and meeting increasing customer
water usage demands. The Aquifer Storage and Recovery and deep well will provide Corbett Water District with a
much needed additional water source.  The additional water source will ensure water for the Corbett community and
less demand on the stream during the lower stream flow in the summer months.

We highly recommend that you select the Corbett Water District for an Aquifer Storage and Recovery Feasibility
Study Grant.

Sincerely,
PR
//V%/Y//—
Randy Trani Ed. D.
Superintendent

Corbett School District



' Parks and Recreation Department

re On 725 Summer St. NE, Suite C
Salem, OR 97301-1271

(503) 986-0980

Kate Brown, Governor Fax (503) 986-0794
www.oregonstateparks.org

October 23" 2019
Oregon Water Resources Department
Attention: Grant Program Coordinator
725 Summer Street NE, Suite A
Salem, OR 97301
RE: SE Deverell Rd. Aquifer Storage and Recovery (ASR) Feasibility Study Grant Application
2019
Dear Grant Program Coordinator:

The Corbett Water District (CWD) is an essential partner of the Oregon State Parks located in the

Columbia River Gorge National Scenic Area and along the Historic Columbia Highway. Our
mission is to provide and protect outstanding natural, scenic, cultural, historic and recreational
sites for the enjoyment and education of present and future generations.

The CWD helps us meet that mission at four very popular sites that are all open year round. The
Dabney State Recreation Area, of nearly 135 acres is located right off the Historic Columbia
River Highway and serves approximately 201,806 annually. At 7.26 acres, the Portland
Women’s Forum State Scenic Viewpoint is strategically located with phenomenal views of the

Gorge and has an annual attendance of 383,794. The Crown Pont Scenic Corridor is comprised
of 305.75 acres to include Vista House, listed in the National Register of Historic Places,
provides outstanding views of the Gorge and enjoys an annual attendance of 584,832,

Last, but not least is the Rooster Rock State Park located along the Columbia River in the
National Scenic Area includes 872.91 acres and serves 557,788 annually. This park is a
Registered National Heritage site and also serves as a location for an Oregon State Park ranger
facility.

The Corbett Water District provides very responsive and effective water service and support to
all these locations comprising over 1300 acres. Their service is essential to our maintenance,
operations, fire protection and all the visitors to these parks. We are very fortunate to have CWD
on our team. We strive to serve our visitors well and protect and sustain the natural resources
and environment of our recreation areas and parks. CWD has always been instrumental in our
ability to meet those objectives. We highly recommend that you select the Corbett Water District
for an Aquifer Storage and Recovery Feasibility Study Grant.

Sincerely,

Glenn Littrell Park
Ranger Supervisor
West Gorge Management unit
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Corbett Water District

Corbett, OR

WATER SYSTEM IMPROVEMENTS

Preliminary Engineering Report for USDA Rural Development

Final Draft March 2019

wallis
*engineering
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INTRODUCTION

The Corbett Water District (District) is currently obtains drinking water from a single surface water
source. In recent years, this water source has been shown to be vulnerable to wildfires and variability in
flow rates. The District is proposing to construct a new groundwater well to supplement and provide
redundancy to its existing surface water source. Preliminary information has indicated that obtaining
water rights from the Columbia River Basalts aquifer and development of a water supply well with a
capacity of 500 to 1,000 gallons per minute (gpm) may be a viable option.

The District has identified a potential site for the proposed well that is located approximately 1 mile west
of the existing water treatment facility, at the intersection of East Larch Mountain Road and Southeast
Deverell Road. The proposed location for the well is on privately owned property. The parcel is zoned
CFU-4 and appears to have been recently logged.

The purpose of this report is to summarize the proposed well project, and to satisfy the requirements for
preparation of a Preliminary Engineering Report for the USDA Rural Utilities Service for the Water and
Waste Disposal program, as outlined in USDA Bulletin 1780-2, a first step to applying for funding for
the proposed improvements summarized in this report.

1. PROJECT PLANNING

The project planning area is shown on the vicinity map included as Exhibit A, and described in detail
below.

a) Location

The District is located in Multhomah County, Oregon at the west end of the Columbia River
Gorge. Corbett is the principle community served by the District. The Sandy River borders the
District on the west and southwest. The Columbia River borders on the north, and the area known
as Larch Mountain borders on the east. The Bull Run watershed is located 15 miles southeast of
Corbett. The District’s service area is approximately 8.5 miles long, east to west, and
approximately 3.2 miles wide, north to south. The elevation ranges from approximately 15 feet to
1,300 feet above mean sea level. The drainages are generally deeply incised and flow to the west
and southwest to discharge into the Sandy River.

b) Environmental Resources Present

The proposed well site is located on property that was previously clearcut. There are no known
environmental resources present in the project planning area that will affect the design of the
project. Water rights in the Sandy River basin have been completely allocated. However, this
project proposes to obtain water rights from the deeper Columbia River Aquifer, which is not
currently limited by water rights.

¢) Growth Areas and Population Trends

Currently the districts serves approximately 1083 customers, a population of approximately 3,080.
According to the Corbett Water Districts Water Master Plan (February 2003, Lee Engineering), a
slight or no increase in population can be expected for the next 25 years.

d) Community Engagement

The District Board of Commissioners meets monthly. Discussions of project planning will occur at
these meetings, which are open to the public. In addition, project open houses will be held to
further inform the District residents of the proposed project and obtain public feedback.

2. EXISTING FACILITIES

The District currently produces drinking water from a water treatment plant (WTP), which treats water
from the North Fork and South Fork of Gordon Creek. The WTP includes three slow sand filters, a
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covered clear well for chlorine disinfection, and a one million-gallon reservoir. The plant is completely
manually operated; thus the flow rate has to be manually adjusted to meet the demand of the District.
The WTP is located at the high point in the District’s service area and feeds the distribution network by
gravity. The distribution system includes 12 pressure reducing valves to separate pressure zones.

Existing facilities at the proposed well site consist of a 10-inch steel water main in Larch Mountain
Road. A pressure reducing valve just west of Deverell Road divides two pressure zones. The upper
pressure zone serves several residences to the east of Deverell Road, and the lower pressure zone serves
the remainder of the District.

a) Location Map
A location map is included as Figure 1 in Appendix A.

b) History

The slow sand filters at the WTP were constructed in the 1980’s. One of the filter ponds was
upgraded in 2004 to a concrete basin filter, along with the construction of the reservoir at the
WTP. Most of the transmission mains and reservoirs were constructed in the 1950’s and 1960°s.
Reservoir #6 is an above ground 1 MG steel tank constructed at the Water Treatment Plant in
2004. Reservoir #1 has been abandoned and disconnected from the system. Reservoir #2 was
completely restored in 2010 including new controls, piping and epoxy coating inside and out.
Reservoir #’s 3, 4, 5, and 6 were inspected during the 2018 fiscal year. Reservoir #3 was noted as
needing an interior overhaul. All other reservoirs passed inspection. There have been no major
equipment failures or violations of regulatory requirements. Most recently the District received a
100% rating from OSHA and passed the Oregon Health Authority sanitary survey with a few small
regulatory issues to correct that were addressed and corrected without any fines or citations.

c) Condition of Existing Facilities

In 2003 Lee Engineering, Inc. prepared an Water Master Plan Update, which included a system-
wide evaluation of all water facilities and a list of improvement projects was recommended. Since
2003, the District has made various improvements to the facilities. The main focus of this PER is
the addition of a back-up well to provide a redundant water source for additional water during the
summer months.

The condition of the existing facilities can be broken down into a) treatment plant, b) transmission
mains and distribution system, c) storage reservoirs and d) District facilities. Although the current
water plan (February 2003) does include a list if capital facilities improvements, expenditures have
recently been related to maintenance and upgrading the water meters to radio read, and no capital
improvements have been constructed in the last two years. All facilities are suitable for continued
use and there have been no violations of applicable laws. The water system is entirely gravity fed
and very efficient energy-wise.

a) Slow Sand Filter Treatment plant: The treatment plant operates sufficiently. The major
issue with it is that it is totally manual operation and is labor-intensive. Future
improvements are planned around automated operation.

b) Transmission and Distribution Systems: The overall condition of the existing transmission
mains is “fair”. Portions of the transmission lines are constructed of steel pipe and 50+
years old. The significant issue is internal corrosion of the steel pipe that restricts flow
capacity. Future improvements include relining of some of these mains.

The overall condition of the distribution system is rated as “fair”. Similar to the
transmission mains, the main issue with the distribution system is that it is constructed
primarily with steel pipe, which is susceptible to corrosion. Much of the pipeline
throughout the District was constructed in the 1950°s and 1960’s and is reaching the end
of its serviceable life.
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c) Storage reservoirs: Reservoir #1 has been abandoned and is no longer connected to the
system Reservoir #2 was completely rebuilt in 2010 and is in good condition. Reservoir
#’s 3, 4, 5, and 6 were inspected during the 2018 fiscal year. Reservoir #3 was noted as
needing an interior overhaul. All other reservoirs passed inspection.

d) District facilities: The existing facilities include District office facilities, and were
constructed in the early 1950°s. The 2003 Water Plan recommends that the District build a
new facility due to an assessment that the current facilities are inefficient for today’s level
of use.

d) Financial Status of Existing Facilities
The District’s current budget is included as Exhibit C.

e) Water/Energy/\Waste Audits
No water, energy, and/or waste audits have been conducted.

3. NEED FOR PROJECT

This project is needed in order to increase the reliability of the District’s water supply, and to provide
additional capacity during the summer months. The District currently obtains water from a single surface
source. The recent Eagle Creek Fire burned within miles of the Gordon Creek watershed, threatening this
source. In addition, in recent years the water supply has been increasingly variable during dry weather,
and the maximum demand is approaching the supply capacity. There is also concern that in the future
climate change will impact the reliability of the existing water source. Improving the redundancy and
resiliency of the District’s water supply is thus of paramount importance.

a) Health, Sanitation and Security
The need for this project is to provide a more reliable and resilient drinking water source for the
District. The primary health concern is the possibility that the existing water supply could be
depleted during dry periods or impacted by wildfires or other outside influences, leaving the
District’s customers with no readily available source of drinking water.

b) Aging Infrastructure

This project is needed in order to provide reliable uninterrupted water service to the constituents of
the Corbett Water District.

c) Reasonable Growth
According to the 2003 Water Master Plan Update (Lee Engineering), little to no growth is
expected within the service area for the 20-year planning period. The proposed well will be sized
at 500 gallons per minute (gpm) to provide redundancy to the existing water source. The system
will be designed with provisions to allow for an upgrade to 1,000 gpm if additional capacity is
needed in the future or if the existing water source from Gorden Creek is lost.

4. ALTERNATIVES CONSIDERED

The District has evaluated a number of alternatives to improve the resiliency of their water supply(see
Exhibit XX). Two feasible alternatives are described in this report: the construction of a groundwater
production well and the construction of an aquifer storage and recovery. Three alternatives were
considered and dismissed:

No project: this would fail to provide a reliable drinking water source.

Expanding the current water source: this is not feasible due to limited water rights in the Sandy
River basin.

Additional above ground storage: this option is not cost effective due to the large reservoir that
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would be required, and because it would not provide redundancy to the single water source.
The two feasible alternatives are described in detail below.

a) Description
Alternative 1 — Production Well at East Larch Mountain Road

Under this alternative, a groundwater well would be constructed at the upper elevations of the
District to pump water from the deep Columbia River Basalt (CRB) Aquiferto connect into the
existing system by gravity flow. The new well would be used only to supplement the system’s
capacity during summer months, or if there was a failure of the existing water source. Other
options for groundwater sources and well locations were evaluated in the New Groundwater
Supply Feasibility Study by SCS Engineers 2019 (Exhibit D) and the Hydrogeologic Study, Corbett
Water District by Mark Yinger Associates, January 2016 (Exhibit E). Other well locations lower in
elevation, such as at existing reservoir sites, were found to be infeasible due to the high capital and
operating cost of pumping water to higher pressure zones. Shallow groundwater sources were also
found to be infeasible due to over-allocation of water rights.

According to the New Groundwater Supply Feasibility Study, the only feasible option for a
groundwater supply well is a 1,000 to 1,300-foot deep well in the CRB aquifer, which is expected
to yield the needed 500 — 1,000 gpm. A location for the proposed well was found at the
intersection of East Larch Mountain Road and Deverell Road, about one mile west of the WTP.
The production well would be constructed with an initial capacity of 500 gpm with an oversize
casing for an ultimate capacity of 1,000 gpm.

Alternative 2 — Aquifer Storage and Recovery

This alternative consists of constructing an aquifer storage and recovery (ASR) well in the CRB
aquifer. Excess capacity from the District’s surface water source would be pumped into the well
during wet weather months and extracted during dry weather months if the additional capacity is
needed. This alternative could be implemented if the production well yield is inadequate. This
alternative would require the same components as the production well, with additional valves and
equipment necessary to inject water into the well.

b) Design Criteria
The proposed improvements will be designed in accordance with all applicable regulatory
standards, including the Oregon well construction standards (OAR 690-200 through 690-240) and
all 7 CFR 1780.57 requirements.

c) Map
A site plan of the proposed improvements is included as Exhibit B.

d) Environmental Impacts
No environmental impacts have been identified.

e) Land Requirements
Both alternatives require approximately 13,000 square feet of property for the well building,
access driveway, backup generator, and pump to waste pond. This includes a 100-foot radius
around the proposed well. The District currently does not own land in the vicinity of the proposed
well, and will need to purchase land prior to the proposed improvements. The current land owner
has indicated that they would be a willing seller.

f) Potential Construction Problems
No significant construction problems are anticipated for the project. However, geotechnical
investigations will be conducted during design to reduce the risk of subsurface construction
challenges.
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g) Sustainability Considerations

i) Water and Energy Efficiency

There are no significant water and energy efficiency differences between alternatives.
However, because the WTP is at a higher elevation than the well, energy recovery may be an
option for the ASR alternative. Installing a turbine generator into the well casing will be
considered during final design to recover energy from water flowing from the WTP to the
well during aquifer recharge.

i) Green Infrastructure.

There are no significant green infrastructure differences between the alternatives. A small
amount of stormwater will be generated by development of the well site. Stormwater runoff
will be routed to the pump-to-waste pond and either infiltrated or released into a conveyance
ditch on East Larch Mountain Road, complying with all local stormwater regulations.

h) Cost Estimates

Preliminary capital cost estimates were prepared for both alternatives, and are included in Exhibit
F and summarized below in Table 1. This estimate includes both construction and non-
construction costs, and is in 2019 dollars (ENR Seattle CCI 12008.39).

Table 1 — Capital Cost

Alternative Capital Cost
Production Well $1,991,000
ASR Well $2,183,000

Because operations and maintenance costs will be highly dependent upon how much water is
extracted from or injected into the well, an O&M cost comparison of the two alternatives was not
evaluated at this time. In general, the O&M costs of Alternative 2 will be higher than Alternative 1
due to the additional equipment used for water injection. However, total O&M costs for each
alternative are not expected to be significant. In addition, when the well is used the water treatment
plant use will decrease, offsetting some of the O&M costs.

5. SELECTION OF AN ALTERNATIVE

Because there are no significant non-monetary differences between alternatives, Alternative 1 is the
preferred alternative due to its lower cost. However, if the well yield is inadequate, Alternative 2 can be
pursued.

6. PROPOSED PROJECT (RECOMMENDED ALTERNATIVE)

The proposed project will be designed to provide a redundant water supply source for the District.

a) Preliminary Project Design

The preliminary project design is summarized below for each component. A preliminary site plan
is included as Exhibit B.

i) Production Well

A new production well will be constructed to provide a new water source for the District’s
customers. The well pump will be sized to provide a flow rate of 500 gpm, which will
require a 150 to 200 horsepower (hp) motor depending upon the depth to water. An
equipment building will be constructed to house the mechanical and electrical equipment for
the proposed well. This will include well discharge piping and valves, disinfection
equipment, and the electrical and control panels. The equipment building will be
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approximately 15 by 25 feet, and include two rooms: a disinfection room and a mechanical
and electrical room.

The well will connect to the existing water main in Larch Mountain Road. The proposed
well location is at the boundary of two pressure zones. The upper pressure zone serves
several houses, and the lower pressure zone feeds the remainder of the District. To minimize
the total dynamic head of the well pump, the well will be connected to the lower pressure
zone. A small booster pump will then be used to maintain pressure in the upper pressure
zone. A variable speed pump will be provided so that the water supply can match the
demand

A summary of the proposed well design criteria is shown below in Table 2.

Table 2 — Production Well Basis of Design

Design Item Initial Design Value
Well Depth (bgs) 1400 ft

Water Level Depth (feet bgs) 800 ft

Pumping Rate (gpm) 500

Well Pump Motor Size (HP) 175

ii) Site Improvements

Site improvements will include an access driveway, fencing, and landscaping. A pump to
waste storage pond would be required for the ASR alternative to reduce peak flow rates and
prevent erosion of the drainage ditch ultimately receiving the flow.

iii) Treatment

Water treatment will include a sodium hypochlorite injection system. Additional treatment
requirements, if any, will be determined after testing the water quality from the test well.
Based on information from another nearby well in the CRB aquifier, additional treatment is
not anticipated.

iv) Electrical Service
Three phase, 480 V electrical service will be required for the proposed well. Three phase

power is available from PGE service lines along Larch Mountain Road. Sizing of the
electrical service will be completed during final design when pumps are selected.

v) Backup Power
A diesel generator will provide a backup power supply. The generator will be sized to

handle the full load of the well pump. Due to the remote location the generator will include a
four-day fuel supply stored in a double contained tank.

b) Project Schedule
The design of the improvements is expected to commence in summer 2019. Depending on
availability of grants and loans, construction is anticipated to begin in 2019/2020, and be
completed by spring of 2021. See Exhibit G.

c) Permit Requirements
The District is currently pursuing a water rights permit for the proposed groundwater well.

Multnomah County permits will also be required. A Multnomah County Land Use Compatibility
Determination will be required for the well. A Conditional Use Permit will be required to allow a
lot size less than the minimum 80-acre size allowed in the CFU zoning. Creation of a new parcel
of property for the well site will be administered as a Category 3 Partition. Site Plan Approval and
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building permits will be required prior to construction.

d) Sustainability Considerations

i) Water and Energy Efficiency

Well pumps will be designed with variable frequency drives to optimize energy
consumption and to match the water supply with demand. Well and water treatment plant
building will comply with the current energy code, which addresses energy efficiency goals.

ii) Green Infrastructure

Site improvements will be designed to limit impervious areas and maximize onsite
infiltration of stormwater. This project will not increase the total impervious by more than
5,000 square feet compared to existing conditions.

e) Total Project Cost Estimate

Preliminary capital cost estimates were prepared including both construction and non-construction
costs, shown below in Exhibit XX. This cost is in 2019 dollars (ENR Seattle CCI 12008.39). A
detailed cost breakdown is included in Exhibit XX.

f) Annual Operating Budget

The annual operation and maintenance costs (O&M) for the District will increase slightly as a
result of the proposed improvements. The current staff will be sufficient to operate and maintain
the additional improved facilities.

Annual O&M costs will be highly dependent upon how much the District utilizes the proposed
backup well. For purposes of developing an annual operating budget, it is assumed that the backup
well will provide 25 MG per year, which is equivalent 10% of the District’s overall annual water
consumption of 250 MG.

i.  Income: Income will be generated primarily from the sale of water.
ii.  Annual O&M Costs:

Electrical power $7,500
Chemical treatment $1,000
Small Equipment Replacement $5,000/year
Total Annual O&M Cost: $13,500

Cost Assumptions:

1) Well will provide 25 MG of water annually, which is approximately 10% of the
annual water use.

2) Electrical power costs based on $.06 per KWh.

3) Chemical treatment includes chlorine treatment at $.03 per 750 gal.

4) Operations and maintenance can be provided with existing District personnel.

iii.  Debt Repayments:
iv.  Reserves:

Debt Service Reserve:

Short-Lived Asset Reserve:

7. CONCLUSIONS AND RECOMMENDATIONS

It is recommended that the Corbett Water District move forward with the detailed engineering of the
proposed facilities, while simultaneously identifying a funding source for their construction and also
satisfying all regulatory requirements needed for construction.
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EXHIBIT A — VICINITY MAP
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EXHIBIT B — SITE PLAN
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EXHIBIT F — COST ESTIMATE



WATER WELL FEASIBILITY STUDY
CORBETT WATER DISTRICT
Exhibit E - Preliminary Cost Estimate
Alternative 1- 500 gpm Production Well

Prepared by Wallis Engineering

February, 2019

WE# 1466A
CONCEPTUAL LEVEL COST ESTIMATE
ITEM NO. BID ITEM DESCRIPTION QTy. UNIT UNIT COST TOTAL COST
1 Well Construction, Development and Testing (16" Casing) 1 LS s 610,000 | S 610,000
2 Well Building and Site Improvements 1] LS | S 777,000 | S 777,000
Mobilization S 70,000
Well Pump and Appurtenances (200 HP) S 278,000
Well Building S 85,000
Site Improvements S 25,000
Valves and Piping S 36,000
Electrical and Control Equipment S 87,000
Electrical Service S 23,000
Backup Generator S 108,000
Chlorine Injection System S 16,000
Booster Pump S 30,000
Yard Piping and Connection to Existing Water Main S 19,000.00
Construction Subtotal | S 1,387,000
Design Engineering (12%) | S 166,000
Construction Engineering (8%) | S 111,000
Water Rights/Permitting | S 15,000
Environmental Studies | S 20,000
Property Acquisition | S 5,000
Reporting | S 10,000
Contingency (20%) | S 277,000
Grand Total |$ 1,991,000
Notes:

1 Costs are 2019 pricing.

Assumes a 500 gpm production well with oversized casing for
future upgrade to 1,000 gpm.

From PumpTech: $174k for pump and column pipe plus $54k
for cable

4 Romtec prefab CMU bldg, 24'x22' - S60k

P:\14\1466A Corbett Wtr Well Feasibility Study\400 Design\402 Estimates\Preliminary Cost Estimate FINAL.xIsx




WATER WELL FEASIBILITY STUDY
CORBETT WATER DISTRICT
Exhibit E - Preliminary Cost Estimate

Alternative 2- 500 gpm Production Well with Aquifer Storage and Recovery Well

Prepared by Wallis Engineering

February, 2019

WE# 1466A
CONCEPTUAL LEVEL COST ESTIMATE
ITEM NO. BID ITEM DESCRIPTION QTy. UNIT UNIT COST TOTAL COST
1 Well Construction, Development and Testing (16" Casing) LS |S 610,000 | S 610,000
2 Well Building and Site Improvements LS |S 913,000 | S 913,000
Mobilization S 80,000
Well Pump and Appurtenances (200 HP) S 278,000
Well Building S 85,000
Site Improvements S 25,000
Valves and Piping S 42,000
Downhole Control Valve S 115,000
Electrical and Control Equipment S 92,000
Electrical Service S 23,000
Backup Generator S 108,000
Chlorine Injection System S 16,000
Booster Pump S 30,000
Yard Piping and Connection to Existing Water Main S 19,000.00
Construction Subtotal [ S 1,523,000
Design Engineering (12%) | S 183,000
Construction Engineering (8%) | S 122,000
Water Rights/Permitting | S 15,000
Environmental Studies | S 20,000
Property Acquisition | S 5,000
Reporting | S 10,000
Contingency (20%) | S 305,000
Grand Total [$ 2,183,000
Notes:
1 Costs are 2019 pricing.
5 Assumes a 500 gpm production well with oversized casing for
future upgrade to 1,000 gpm.
3 From PumpTech: $174k for pump and column pipe plus $54k for
cable
4 Romtec prefab CMU bldg, 24'x22' - $60k
5 Pump-to-waste pond will be permitted to drain to ditch on Larch

Mountain Rd.




EXHIBIT G - PROJECT SCHEDULE



Corbett Water District

New Water Well
Preliminary Project Schedule
March, 2019
D Task Task Name Duration Start Finish 18 Dec 16, ‘11 Feb 10,"1< Apr 7,19 | Jun 2,119 | Jul 28, 19| Sep 22, "1¢ Nov 17, "1{ Jan 12, '20| Mar 8, '20| May 3, 20| Jun 28, ‘20 Aug 23, "2( 20 Dec 13, ‘20 Feb 7,21 | Apr 4,21 | M
Mode wis timlel 1t slwlslit mlelrls wislt mlelrlsiwlis| tImlF 1ls s |
2 b Prelim Engineering Report 3 mons Tue 1/1/19 Mon 3/25/19 1
3 7 Water Rights/Permits 9 mons Mon 4/1/19 Fri 12/6/19 |
4 b County Pre-App Meeting 1 wk Mon 4/22/19  Fri 4/26/19 u
5 , Project Environmental Review/Report, Section 3.5 mons Mon 4/1/19 Fri 7/5/19 | 1
106 Tribal Consultations
7 b Prepare Funding Applications 1 mon Wed 5/22/19  Tue 6/18/19 |
8 b Submit PER, ER, Funding App's to USDA 1wk Mon 7/8/19 Fri 7/12/19 n
9 b USDA Review 1 mon Mon 7/15/19  Fri 8/9/19 (B
10 A Respond to PER & ER Comments, Resubmit, 1 mon Mon 8/12/19  Fri9/6/19 (B}
Final Review
11 b USDA Letter of Funding Eligibility 0 mons Fri9/6/19 Fri 9/6/19 ® 9/6
12 b USDA Letter of Funding Conditions 2 mons Mon 9/9/19 Fri 11/1/19 I
13 X Project Design, Preparation of Contract 6 mons Mon 11/4/19  Fri 4/17/20
Documents
14 A County Land Use/Building Permits 3.85mons  Thu1/2/20 Fri 4/17/20
16 , Project Advertisement/Bidding 2 mons Thu 4/30/20 Wed 6/24/20
17 b USDA Loan Agreement 10 days Thu 6/25/20 Wed 7/8/20
18 b Schedule I: Well Construction/Development, 2 mons Mon 7/13/20  Fri 9/4/20
Flow Test
19 A Schedule II: Mechanical, Building, Site 6 mons Thu 10/1/20 Wed 3/17/21
Development
20 b Project Closeout 2 mons Wed 3/17/21  Tue 5/11/21
21 , Project Complete 0 days Tue5/11/21  Tue5/11/21 ¢ 5/1
Task Project Summary ] I Manual Task I Start-only
Project: Corbett Well Prelim Pro| split sirvirrrrororons Inactive Task Duration-only Finish-only

Date: Wed 3/13/19

Milestone 04

Summary [

Inactive Milestone

Inactive Summary 0

Manual Summary Rollup se—

 ——|

I Manual Summary

External Tasks

External Milestone

Page 1




ATTACHMENT 7:
PRELIMINARY FEASIBILITY ASSESSMENT



m Environmental Consultants & Contractors

February 14, 2019
File No. 04218051.00

DRAFT MEMORANDUM

TO: Jeff Busto, District Manager Corbett Water District

CC: Tim Shell, PE, Wallis Engineering
Jack Wallis, PE, Wallis Engineering

FROM: Christopher Augustine, RG, CWRE, SCS Engineers
David Lamadrid, RG, SCS Engineers

SUBJECT: New Groundwater Supply Feasibility Study

Corbett Water District (CWD) desires to add a groundwater source to introduce redundancy and
improve flexibility within its existing water supply system that currently relies solely on surface water
from the South Fork of Gordon Creek in the North Fork Gordon Creek Municipal Water Management
Area (Water Management Area). This surface water source currently meets municipal water supply
demands, but the source is sensitive to land management practices, forest fire hazards, and climate
patterns that threaten its ability to meet current and future demand. Recent statewide drought
conditions have reinforced the sensitivity of the surface water source and the need for additional
source capacity to prevent interruption or reduction of water delivery to CWD customers.

Additional surface water is not available from Gordon Creek, as its remaining flow is protected as an
instream water right. While developing additional storage or service connections with neighboring
water providers may be alternatives, a new groundwater supply is the more economical alternative
source for municipal drinking water to provide redundancy for the CWD system. The feasibility for
developing a new groundwater supply was previously investigated and presented in Hydrogeologic
Study Corbett Water District, Mark Yinger and Associates, 2016. That study looked at multiple
locations within the CWD system, and well construction options for groundwater sources from the
various aquifers within the CWD service area.

The primary alternatives to develop a new groundwater source identified in the 2016 study included:
1. Develop a new groundwater water supply well, or
2. Pursue Aquifer Storage and Recovery (ASR) using a new water supply well if water quality or
other conditions limit native groundwater withdrawals to meet CWD municipal water supply
needs. ASR would provide both additional system capacity and storage for CWD.
The conclusions of that study were that a new groundwater source would need to be located in the

eastern portion of the CWD service area and the well would need to be constructed to limit the
potential for groundwater pumping to effect surface water features; however, those conclusions were

e
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based on limited available data in the study area and preliminary conversations with the Oregon
Water Resources Department (OWRD) regarding a new groundwater right permit. In 2018, the CWD
revisited the 2016 study to determine if additional geologic or hydrogeologic data warranted further
evaluation of a well in the upper portion of the CWD service area.

Review of additional geologic, hydrogeologic information and newly permitted water rights within the
service area suggested that a new well was feasible, but would require it to be drilled and
constructed to limit impacts to surface water.

This technical memorandum presents SCS Engineers’ (SCS) investigation of the feasibility and
associated costs for Corbett Water District (CWD) with developing a new groundwater supply source
for drinking water. The evaluation of the new groundwater supply source is presented in the following
sections.

1. Siting Evaluation
2. Conceptual Well Design
3. Regulatory Pathway and Framework
A detailed description of each task is presented below.

1 SITING EVALUATION

The primary objective of the siting evaluation was to evaluate the location of a new water supply well
within the CWD distribution system and service area. Previous discussions regarding the preferred
location identified that a feasible location would need to meet the following requirements:

Located in the upper CWD service area near the water treatment plant
Be located as far as practical from surface water drainages

Allow CWD to establish ownership or long term easements of the property
Meet regulatory requirements under OAR 333-061

Based on review of these requirements and available sites the preferred location was identified at
the intersection of East Larch Mountain Road and SE Deverell Road (Figure 1). The site is located
near the top of the CWD service area, which is a gravity fed water distribution system with a majority
of its customers hydraulically below the proposed well location elevation in their system.

Site reconnaissance suggested that the site was suitable to meet all set back requirements of the
OAR 333-061-0050(1) for a new drinking water supply well and those required under OAR 690 -
210 which include the following:

100 feet required ownership or easement around well

100 feet setback from sewage disposal, solid waste, etc.

50 feet setback from septic tanks and pipes

50 feet setback from concentrated feeding animal operations (CAFO)
500 feet setback from hazardous waste storage.
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A site plan for the well and supporting infrastructure that meets the setback requirements was
prepared by Wallis Engineering (2019).

2 CONCEPTUAL WELL DESIGN

This section presents a summary of the geologic and hydrogeologic description of the CWD Water
Management Area and the target aquifer, the conceptual well design, and planning level cost
estimates for drilling and testing.

Geology and Hydrogeology

The geology within the vicinity of the CWD service area is complex and significant geologic influences
include the following:

Ancestral Columbia River and Columbia River tributaries

Boring lava eruptions

Subsidence of the Portland Basin

Missoula cataclysmic floods

Eruption of the flood basalts of Columbia River Basalt Group (CRBG)
Uplift and volcanism of the Cascade Range.

Figure 2 is a compilation geologic map, and Figures 3 and 4 are generalized geologic cross- sections
presented in the 2016 study by Mark Yinger and Associates. The geologic map is based on a U.S.
Geologic Survey map of the Washougal Quadrangle (Evarts, et. al, 2103) and a Washington
Department of Natural Resources map of the Vancouver Quadrangle (Phillips, 1987). The following
description of the geology generally proceeds from the oldest rocks to the youngest:

Western Cascade Volcanics

Columbia River Basalt Group (CRBG)
Troutdale Formation

High Cascade Volcanics and Boring Lava.

The geology and hydrogeology was described in detail in the previous study by Mark Yinger and
Associates, 2016. Based on the interpretations in the previous investigation and subsequent review
of additional geologic and hydrogeologic information not included in the 2016 study, the CRBG is the
target aquifer for a new groundwater source for the CWD. The basement rocks of the Western
Cascade Volcanics are not considered as a source or pertinent to the well design. A summary of the
units that will need to be considered for the well design and drilling program are provided below.

Columbia River Basalt Group

The early to middle Miocene Grande Ronde Basalt flows of the CRBG overlie the rocks of the
Western Cascades on an erosional unconformity. The CRBG consist of a sequence of multiple flood
basalt flows that emanated from vents in eastern Washington, Oregon and Idaho. In the Portland
Basin, the CRBG consists of the basalt flows from Grande Ronde Basalt and Wanapum Basalt. The
Grande Ronde and Wanapum flows consists of up to 50 individual flood basalt flows ranging from in
thickness from 40 to 100 feet (Conlon et al., 2005; Gannett and Caldwell, 1998). The CRBG are
only exposed east of Corbett Station, on the lower portion of the steep slope that rises from the
shore of the Columbia River. Where exposed they have an approximate total thickness of 1,200 feet
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above ground surface; however, based on available information from well logs and geologic reports
in and around the Portland Basin, the CRBG has an approximate thickness of up to 2,200 feet
(Conlon et al., 2005).

Numerous studies of CRBG aquifers have been conducted within the Columbia and Portland Basins
to better understand their hydraulic characteristics and to develop a model of how various factors
(e.g., CRBG flow physical characteristic/properties, tectonic features/properties, erosional features,
climate, etc.) interact to create and govern the CRBG as a confined groundwater system. These
studies have found that the CRBG hosts a series of confined aquifers collectively referred to as the
“CRBG aquifer system.” One of the overall significant findings of these studies is the general
similarity of the hydrogeologic characteristics, properties, and behavior of the CRBG aquifers across
this region.

It is widely agreed that within CRBG aquifers, given the typical distribution and physical
characteristics of CRBG intraflow structures, groundwater primarily resides within the interflow
zones. An interflow zone (Figure 5) is defined as the flow top of one flow and the flow bottom of the
overlying flow (plus interbedded sediment). CRBG interflow zones are tabular, laterally extensive,
bodies that have physical properties conducive to forming an aquifer. The properties of interbedded
sediments can either enhance (e.g., sandstone and conglomerate) or inhibit (e.g., mudstone and
paleosols) groundwater storage and movement within this zone. The undisturbed, laterally extensive,
dense interiors of CRBG flows typically act as confining units and account for the confined behavior
exhibited by most CRBG aquifers. In many areas around the Columbia Plateau, artesian (flowing)
conditions within the CRBG aquifer system have been encountered, including in wells drilled by the
City of Portland at the Bull Run Reservoirs (Appendix A).

Water supply wells completed in the CRBG are typically highly productive and provide yields of 1,500
gallons per minute (gpm) or more and are a regional groundwater source and target for storage of
surface water using ASR for municipal water suppliers like Tigard, Tualatin, Tualatin Valley Water
District, Beaverton, and Salem further to the south. However, there are several processes that can
modify the specific, and overall, hydraulic behavior of CRBG aquifers and aquitards. These include
tectonic fracturing forming faults and joints, folding, secondary mineralization, and construction of
uncased water wells through multiple CRBG aquifers. Another critical aspect with regards to
interflow zones, that is not commonly recognized, is their potential lateral variability. For example,
thick flow top breccias are known to abruptly end with a much thinner normal flow top taking its
place. These intraflow structures and variations can result in radically changing the hydraulic
properties and behavior of individual CRBG aquifers. Currently, it is not possible to predict the
distribution and extent of CRBG flow top and flow bottom features.

Numerous faults are present within the CWD service area (see Figure 2). Faults have been found to
affect the CRBG aquifer system in a number of ways including;:

e Forming barriers to the lateral and vertical movement of groundwater; a series of faults can
create hydrologically isolated areas.

e Providing a vertical pathway (of varying length) for groundwater movement allowing otherwise
isolated CRBG aquifers to be in direct hydraulic communication.

e Exposing interflow zones and creating local opportunities for aquifer recharge and/or
discharge.
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e The effect of faults within the project area are unknown, but are suspected, to act as barriers
to groundwater flow in the CRBG aquifer system based on the interpreted offset in mapped
geologic faults (Evarts et al., 2013; Beeson, Tolan and Anderson,1989; Phillips, 1987).

e Compartmentalizing individual aquifers (i.e., creating a groundwater reservoir of limited
lateral extent that is bounded on all sides and limiting water production capacity).

Lastly, a number of different secondary processes that occur after emplacement of the basalt flow
can change the physical characteristics of CRBG interflow zones. Secondary processes
fundamentally change the original physical (and hydraulic) characteristics of CRBG flow tops and
flow bottoms (i.e. the interflow zones), typically lowering their permeability.

The two most important of these processes are paleosol development and secondary mineralization
and precipitation. Paleosol development occurs between emplacement of CRBG flows, through the
weathering and chemical breakdown of the glassy vesicular flow top which leads to soil formation.
This process typically alters and destroys the original physical texture of a portion of the flow top as
well as most of its original permeability. Within the CWD service area, paleosol development would
be anticipated to occur on the uppermost Sentinel Bluffs member flow of the Grande Ronde Basalt
(i.e. Vantage Horizon). The Vantage Horizon is relatively thin in the Portland Basin.

After the emplacement and burial of the CRBG flows, secondary minerals (e.g., silica,
cryptocrystalline quartz, calcite, zeolite, pyrite, clay minerals, etc.) can form or precipitate to partially
or completely fill existing voids within interflow zones. This process also is important in sealing the
cooling fractures in the dense flow interiors. The net effect of secondary mineralization on CRBG
interflow zones is a reduction, ranging from slight to total, in the permeability of these zones that
limits groundwater flow.

Basin Fill Deposits - Troutdale Formation

From late Miocene through the Pliocene the Portland Basin subsided and was filled with fluvial and
lacustrine sediments transported into the basin by the Columbia River and streams flowing off the
Cascade Range (Evarts, Et al, 2013). In the CWD service area, the basin-fill sediments are mapped
as the hyaloclastic sandstone member of the Troutdale Formation and are present at the surface,
except where covered by a thick deposit of Quaternary loess and volcanic rocks of the High
Cascades. Beds and lenses of conglomerate occur within the hyaloclastic sandstone. The
hyaloclastic sandstone member may be as thick as 600 feet. Most of the wells in the CWD service
area are completed in the hyaloclastic sandstone member (Troutdale aquifer) and are low yielding
wells capable of supporting exempt uses (i.e., domestic water supply). The hyaloclastic sandstone
member is considered a confining unit in other parts of the Portland Basin and is correlative to the
Willamette confining unit of Gannett and Caldwell (1998).

High Cascade Range Volcanics and Boring Lavas

Pliocene to Pleistocene age basalt and basaltic andesite flows overly the hyaloclastite sandstone
member in the eastern third of the CWD service area, generally east of Crown Point. Chamberlain
Hill in the northwest corner of the CWD service area is a vent from which basalt lava flows and
cinders erupted during the Pleistocene (Evarts, Et al, 2013). Basalt from Chamberlain Hill has
been dated at 1.16 million years. This vent is grouped with the many other vents of the Boring
Volcanic Field in the Portland Basin and northwestern Oregon.
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Several basalt flows have been described as interbedded with the Troutdale Formation (Tolan and
Beeson, 1984; Evarts, Et al, 2013). High Cascades volcanics cap the ridge south of Howard Canyon
and have an apparent thickness of approximately 400 feet. Wells up to 215 feet deep northeast of
the east end of the study area and south of Pepper Mountain do not fully penetrate the High
Cascade flows. Yields in wells completed in the High Cascade volcanics and Boring Lavas are
relatively lower than those completed in CRBG, suggesting limited potential as a municipal supply
source.

Regulatory Well Siting and Construction Limitations

The OWRD has specific rules for the Sandy River Basin under OAR 690-503 that limit the
development of groundwater and surface waters for municipal, domestic, industrial and agricultural
uses. The OWRD developed the Sandy River Basin program to manage and protect instream flows in
the Sandy River Basin, which was identified as being over appropriated. Additionally, all groundwater
within the shallow Troutdale aquifer or any well within a ¥-mile of a drainage or tributary of the
Sandy River is considered to be in direct hydraulic connection with surface water and therefore
would interfere or capture groundwater that would otherwise discharge to surface water.

The specific objectives of the Sandy Basin Program are as follows:

1. Uphold existing legislative withdrawals and grants, and state scenic waterway
designations, consistent with statutory direction.

2. Protect existing rights.

3. Maintain and enhance instream and scenic values in the Sandy River Scenic Waterway
and Columbia Gorge and throughout the Sandy Basin by limiting new out-of-stream
appropriations from natural summer flows, and protecting remaining instream flows in the
Sandy River main stem and its tributaries.

4. Minimize groundwater/surface water hydraulic interference.

5. Condition permits to regulate future use of groundwater in areas of documented declines
near the city of Sandy.

Permits to use groundwater may be issued only for the following classified uses:

1. Except as provided in sections (2) and (3) of this rule, the groundwater resources of the
Sandy Basin are classified for commercial, group domestic, industrial, irrigation, mining,
municipal, and statutorily exempt groundwater uses.

2. Groundwater from the shallow Troutdale aquifer is classified for exempt uses only (within
the Sandy-Boring Groundwater Management Area), such as ... .?.

3. Groundwater hydraulically connected to, and within ¥4- mile of, surface water shall be
classified for the same uses as the surface water source and for uses exempted by ORS
537.545.
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The statutory requirements of the Sandy Basin Program limit the ability to develop groundwater
within the CWD service area; however, many of the requirements can be addressed by selection of
the water supply well location and the proper design and construction of the water supply well. The
well would need to be constructed in an aquifer other than the shallow Troutdale aquifer and that
isn’'t hydraulically connected to surface water (i.e. a deeper, confined aquifer). The new groundwater
permit authorizing the use of groundwater also would be conditioned to limit groundwater declines
observed in aquifers in the Sandy-Boring Groundwater Management Area.

Given these limitations, the CRBG is the hydrogeologic unit that a new water supply well would
target. Recharge and hydraulic connection to surface water bodies of the CRBG appear to be limited
by the low permeability of the clay and claystone that is generally present immediately overlying the
CRBG hydrogeologic unit(s) and the dense flow interiors between the individual interflow zones
within CRBG. The target interflows for the water supply within the CRBG system would be within the
Grande Ronde of the CRBG, below the Vantage Horizon interbed. The deeper Grande Ronde basalt is
typically highly productive in the Portland Basin and is a regionally productive unit for municipal
water supply wells as well as ASR wells.

Demonstrated capacity at wells within the CWD service area (MULT 74054) and other nearby wells
(CLAC 963) indicate that the CRBG is capable of the high yields needed to provide redundancy to the
CWD water supply system. Additionally, the OWRD has recently approved a groundwater
authorization for a CRBG well located within the service area and adjacent to the Sandy River. The
conceptual design of a new water supply well completed within the CRBG is presented in the next
section.

CRBG Well Design

The design of the new water supply well includes the following key components that affect both
initial capital construction costs, operation and maintenance, and life cycle costs of the well:

Well Depth

Target production rate (i.e. pump size)
Annular seal depth

Production casing depth

Production casing materials

Liner materials (if needed)

Pumping water level

CRBG borehole wall stability.

Available geologic and hydrogeologic information indicates that the target CRBG aquifer will be
encountered below 800 feet bgs. This would be the approximate target depth for the production
casing and the annular seal depth. Based on the inferred thickness of the CRBG units in the vicinity
of the CWD service area, the total well depth would be approximately 1,400 feet below ground
surface (bgs). (See Appendix A). Previous interpretations of the CRBG presented by Conlon et. al.
(2005) inferred a thickness in excess of 1,600 feet in the CWD service area. However, water quality
in the deeper CRBG typically has naturally occurring high total dissolved solids and fluoride
concentrations and other adverse water quality conditions that may not be acceptable for drinking
water use without treatment (Steinkampf and Hearn, 1996; Stienkampf, 1989).
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The anticipated static water level and pumping water level are anticipated to be above the bottom of
the seal, assuming confined aquifer conditions.

Our conceptual well design assumes that stable borehole conditions will be encountered during
drilling. Wells completed in the CRBG in the Portland Basin have historically been completed open
borehole below the bottom of the casing; however, in some instances liners have been installed
where the pump intake was installed below the bottom of the production casing and/or where
unstable borehole conditions (i.e. caving/collapse) were observed. There are no data available to
anticipate if borehole instability will be an issue in a CRBG well in the CWD service area.

The 2016 study suggested drilling a smaller diameter test well rather than drill a larger production
well given the unknowns identified in the report and a target production capacity of 500 gpm. While
cost savings are realized by drilling a smaller diameter well designed to meet the minimum
requirements for the anticipated system demand of 500 gpm, the drilling and testing of a larger
diameter well results in long term cost savings to develop the additional supply. Table 1 shows the
estimated costs for a well capable of 1,000 gpm (16-inch diameter) and a well constructed to
support 500 gpm (10-inch diameter). Driller’s estimated costs are included as Attachment B.

Long-term cost savings for the higher initial capital costs of a large diameter well are realized if the
the well is capable of the design capacity of the production well of 1,000 gpm. Specifically, if a
smaller diameter well were drilled and a second well was necessary to meet CWD goals, the costs
would be more than double the initial capital cost for the larger diameter well for additional
permitting, infrastructure (i.e. new well house, distribution piping), testing, and changes to the
distribution system operation and controls for a second well. On this basis, SCS recommends that
the CWD consider drilling, construction and testing of the larger diameter well to allow additional
redundancy and flexibility of the new water supply source in the future.

Planning level costs presented in Table 1 also includes engineering and consulting costs anticipated
as part of the well installation, construction and testing program including;:

Technical specifications, bid documents and contracting support
Construction Management/Field Oversight

Reporting

Permitting.

These four tasks are required to ensure that the well is constructed as designed to meet Oregon
Health Authority (OHA) and OWRD well requirements and that the new groundwater source will be
approved and permitted as a new municipal water supply. A detailed description of the permitting
requirements is provided in the next section.

3 REGULATORY FRAMEWORK AND PATHWAY

This section describes (1) the regulatory pathway and “next steps” to apply for a new groundwater
right for developing the new water supply well, and (2) the plan submittal and review for a new
drinking water source required by OHA.

The regulatory pathway to developing the new source includes the following;:

e Multnomah County Land Use Compatibility (LUCs) Review
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e OHA plan review
e Water rights permitting.

The LUCs is required as part of the OHA plan review and water rights permitting process. The LUCs is
a form used by a state agency and local government to determine whether a land use proposal is
consistent with local government’s comprehensive plan and land use regulations. A more detailed
description of the requirements for the OHA plan review and water right process is provided below.

OHA Plan Review

The OHA requires the following be submitted and approved prior to adding a water supply well to an
existing system:

e Plans prepared by an Oregon Professional Engineer or an Oregon Registered Geologist be
submitted prior to construction of the well

e A LUCs with approval from the local planning authority (i.e., Multnomah County), which is also
required for the water right application.
A copy of the water right permit authorizing the proposed use from OWRD

e The appropriate plan review fee.

If the new water supply well is an “exploratory well” then the required plan review can be performed
after the well is tested and a water right is obtained; however, it is recommended to provide the
proposed well construction for OHA review and consult with OHA to ensure (1) that it meets minimum
standards, (2) the location and site plan meets all set back requirements, and (3)ownership and
control are demonstrated prior to drilling, installation and construction of the well. Given the location
and proposed construction SCS does not anticipate any issues with the proposed project.

Once the well is drilled, constructed and tested, the following is required to be submitted as part of
the plan review process:

e Well drillers’ report - documenting the well construction. Results of a long-duration pumping
test (i.e. 72 hours) to determine aquifer hydraulic properties, proper sizing of the pumping
system, and estimate anticipated operating conditions.

e Water quality testing to support a community water system.

The OHA plan review of the constructed well is to ensure that the well was constructed to meet
surface seal requirements to be protective of groundwater quality, the well is capable of sustaining
the proposed well yield and that water quality is suitable for drinking water purposes and meets all
primary and secondary safe drinking water act maximum contaminant levels (MCLs) for regulated
contaminants. The report documenting the well construction and testing outlined in Table 1 will
support the OHA permitting requirements.

Water Right Permitting

As noted previously, a groundwater right authorizing municipal uses will be needed for the new water
supply well. Most water rights are obtained in a three-step process. The CWD must apply to the
OWRD for a permit authorizing the use of groundwater. The permit application will be reviewed to
determine if groundwater is available and the requested use is allowed within OWRD rules. This
review will include the potential for injury to existing water users, water availability, and the potential
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for hydraulic connection with surface water. If no concerns or limitations are identified, the OWRD
will provide a proposed final order, with approval of the final order after a public comment period.

While the 2016 study and subsequent re-evaluation of the hydrogeology and conversations with
OWRD staff about groundwater availability in the CWD service area suggests that the CRBG is a
viable source, SCS recommends a pre-application meeting with OWRD staff to avoid any issues
related to groundwater availability, hydraulic connection, or other regulatory concerns with the
proposed project. Additional hydrogeologic information to support OWRD approval of the
groundwater right could be identified and or presented as part of the initial consultation to support
the permit application. Typically, taking this additional step prevents delays in approval of the permit
if the OWRD requires additional information as part of the initial groundwater section review.

Initiating the permitting process before well construction decreases the time required to bring the
well into operation. However, beginning the permitting process ahead of construction of the well may
result in added costs should the well not meet CWD project objectives and goals. This is a minor risk
relative to the construction costs for developing an alternative source for additional system capacity
and/or storage. If CWD begins permitting after drilling, construction and testing of the well, this could
result in delays to bring the well into operation. The maximum time for OWRD to approve a new
groundwater permit is approximately 180 days under statute. This period may be longer if a
contested case hearing is required prior to OWRD issuing the final order.

After the groundwater permit is issued the CWD must begin to construct a water system and begin
putting water to the beneficial use within a certain time frame stipulated in the water right (i.e. the
“C”-date). Typically this period is 5 years to demonstrate the water has been put to beneficial use. It
is important to note that the permit will stipulate certain conditions that will also need to be met,
such as annual water level monitoring, water use reporting, total and instantaneous pumping rates
and volumes and other conditions. Once the claim of beneficial use is submitted and successfully
demonstrates use and that conditions were met, a water right certificate will be issued by the OWRD
and the water right will be “perfected”.

Lastly, should the CWD pursue operation of the well as an ASR well, an additional limited license
would be required per OAR-690-350. This is a separate permitting process required by the OWRD for
implementation of ASR testing. An ASR Limited License application requires additional information
and supporting documentation outlining the proposed testing program including operational plans,
quality assurance and quality control plans, water level monitoring, water quality monitoring and an
annual report outline. Additionally, the 2016 hydrogeologic study and the well construction report will
need to be expanded to evaluate additional considerations for ASR. Additional elements include
aquifer response to ASR, potential resource problems, source water and groundwater geochemical
compatibility, and recoverability of the stored water. Costs for developing the ASR system can be
developed if the CWD pursue that option after drilling, testing and construction of the well.
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Table 1. Planning Level Costs for a New Water Supply Well

16-inch 10-inch
Contractor Task Diameter Well Diameter Well
(1000 gpm) (500 gpm)
Mobilization $40,000 $26,500
Drill/Install Temporary Conductor Casing $5,800 $4,200
Drill Upper Borehole $198,000 $142,500
Furnish/Install Production Casing (+2 to 800 ft bgs) $85,000 $49,600
Grout Surface Seal (0 to 200 ft bgs) $47,000 $38,400
Drill Open Hole (800 -1400 ft bgs) $144,000 $87,000
Well Development $5,000 $4,760
72 Hour Pumping Test $56,500 $23,600
Perform Final Disinfection $5,200 $4,000
Demobilization $25,000 $12,000
Drilling Contractor Totals'2 $611,500 $392,560
SCS Engineering Consulting Support
Bid Package/Technical Specifications $15,000 $15,000
Construction Oversight $25,000 $20,000
Permitting Support $15,000 $15,000
Reporting $10,000 $10,000
Engineering/Consulting Support Totals $65,000 $60,000
Project Totals $676,500 $452,650
Cost of Additional Capacity ($/gal)3 $675.5/gal $905.3/gal

Notes:

gpm = gallons per minute

ft bgs = feet below ground surface

Estimated capacity and casing and pump size based on recommendations in Driscoll (1986)

1 Drilling contractor costs assume standard construction well casing and liner materials of low-
carbon steel. High Strength Low Alloy (HSLA) well casing and liner materials would extend the
anticipated life of the well and cost ~ 25 percent more relative to low carbon steel. Steel and fuel
prices subject to change.

2 Drillers quotes in Appendix B were developed assuming a 1300 ft bgs deep well; SCS added an
additional 100 ft to our estimate above.

3 Cost per gallon assumes the wells can meet the design production rate of 2000 gpm or 500 gpm.
Costs only account for initial capital cost outlay for drilling, construction, testing, and permitting of
the well.
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Series

Group

Formation

Member

Isotopic
Age (m.y)

Magnetic
Polarity

Upper

Miocena
Middle

Columbia River Basall Group

H

Saddle
Mountains
Basalt

Lower Monumental Momber

=]
F

lea-Harbor Mambar
Basalt ol (ooas Island
Basalt of Martinsake
Basalt of Basin City

Bufard Member

Elgphant Mountain Member

Pomona Member

Esquatral Mambar

Waizzantaels Ridge Member
Basalt of Slippary Creak
Basailt of Tanmila Creak
Basalt of Lewiston Orchands
Basall ol Clvworkand

BS

ZDE

105 M T

(3
o

EZEZEE

Asotin Membar
Basalt of Hunlzinger

=

Wilbur Cresk Member
Basalt ol Lapwal
Basalt of Wahluke

Umatilla Mem ber
Basall ol Sihesi
Basalt of Limatilla

ZZ

ZZ

Yakima Basalt Subgroup

Wanapum
Basalt

Priest Fapids Member
RS Lo
Basalt of Aosakia

14.5

EE.

Hoza Meambear

Shumaker Creek Member

—
z]:

Frenchman Springs Member
Buarsalt of Lyone Forry
Basalt of Sentinel Gap
Basall of Sard Hiolow
Basalt of Siver Falls

{ i |
HE
|=izl=

Basalt of Girkgo
Basall ol Palouse Falis

|l |
i
!ml lea

mmj=

Eckler Mauntain Mamber
Baestoloogs
Basalt of Robinatie Mountain

zz

Virnlage Hodzon

g Grande
2 Ronde
E Basalt

- Member of Sentinel Blutia
Mambar of Siack Canyon
Member of Flalds Spring
Member of Winter Water

- Mamber of mtanum
Member of Ortley

- Member of Armstrong Ganyen

156

Nz

Member of Meyer Ridge
Mamber of Grouss Cresk

Maember of Mt Horribie

Member of Wapshilla Ridge

Rz

- Member of China Crask

Member of Dewny Gulch

Member of Center Creek
Member of Rogersburg

Hs

Teopes Butte Membar

Member of Buckhom Springs

16.5

Imnaha
Basalt

Ha
T
___Na

17.5 .5

Notes:

Stratigraphy of the Columbia River Basalt Group. Modified from
Tolan and others (1989) and Reidel and others (1989b).
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Columbia River Basalt
Stratigraphy
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SHEET FLOWS

~SIMPLE VESICULAR FLOW TOP — e

K:102to 10 2 m/s (10 * to 10 * ft/d)
effective porosity: 3to 6 %

BLOCKY-COLUMNAR JOINTING
DENSE INTERIOR Fl ow 3

K: 10 to 10 m/s (10 ® to 10 * ft/d)
effective porosity: 0 to <1 %

PILLOW LAVA COMPLEX

INTERFLOW
ZONE  base of flow

N
SCALE / e
50 ft top of flow SIMPLE VESICULAR FLOW TOP
I o Flow 2
- NSEINTERIOR BLOCKY-COLUMNAR JOINTING
_|_ base of flow
IRIERELOW: opyi ﬂow/ FLOW TOP BRECCIA
1 K:102to 10 m/s (10 * to 10 ' ft/d)
effective porosity: 6 to >25 %
Flow 1
ENTABLATURE
DENEE INTERIOR K: 10 to 10 ¥ m/s (10 * to 10 * fuid)
effective porosity: 0 to <1 %
COLONNADE.
Notes: , , , CRBG Interflow Structure
Diagrammatic representation of common CRBG intraflow
structure and terminology. Flow tops are highlighted in pink, and Terminology
dense interiors in orange, and flow bottoms in green. From New Groundwater Supply Feasibility Study

Tolan and others (2000). Corbett Water District
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APPENDIX A COLUMBIA RIVER BASALT WELL LOGS
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EXPLANATION
|:| Extent of Columbia River Basalt Group, Oregon

() Site with stratigraphic information

WASH 9054, 54147, 54148, 54149,
54552, 54553, 55004, 55005, 55006,
55007, 55008, 55009, 55121, 55122,
55123, 55124, 55125, 55126, 55166,
55297, 55298, 55299, 55300, 55998,
55999, 56000, 56200, 56201, 56202

*
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CLAC
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Scale 1:650,000
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http://or.water.usgs.gov/projs_dir/crbg/data/wells/mult_____5/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/mult_falls/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/odot_tb801/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash__7691/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash___886/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash___330/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash__6150/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash__5586/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_52537/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_10694/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_51495/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_54507/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_58003/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_51903/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_58802/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash___315/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/yamh__1690/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/yamh___886/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/yamh___885/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/clac__3477/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/clac___115/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/clac__3153/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/clac__3869/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/clac__3526/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/clac_14454/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/clac_15585/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/clac__4488/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/clac_50840/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/clac_18421/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/clac_20275/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/clac_20274/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/clac_59769/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/clac_59817/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/mari_53023/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/mari____70/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/mari_53584/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/mari_53583/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/mari_53582/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/mari_57164/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wern_14-21/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/bagd_23-28/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/polk_51006/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/polk_51007/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/polk_51122/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/polk_51369/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/polk_51243/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/mari_54875/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/mari_52013/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/mari_54894/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/mari_54106/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/mari_53996/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/mari_54238/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/mari_53350/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/mari_54078/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/mari_54501/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/odot__1490/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/linn_51763/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash___717/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_55816/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_61621/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_61622/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_61319/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_58005/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_55918/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash__9054/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_54147/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_54148/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_54149/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_55007/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_55123/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_55297/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_54552/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_56000/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_55298/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_55124/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_55999/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_54148/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_54553/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_55008/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_55004/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_55009/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_55125/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_55299/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_56200/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_55005/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_55121/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_55126/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_55300/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_56201/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_55006/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_55122/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_55166/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_55998/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/wash_56202/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/clac_54464/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/clac_54800/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/clac_56872/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/clac_58434/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/clac_58435/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/mult_72560/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/mult_72561/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/mult_72559/index.html
http://or.water.usgs.gov/projs_dir/crbg/data/wells/clac___935/index.html

 RECEIVED

STATE OF OREGON )
" WATER WELL REPORT OCT 801985

(as required by ORS 537. 765“M ATER RE 50 URCgéE%SEEgYPE o

(for official use only)

(1) OWNER: GALEM, OREGON

Name J, Prank Schmidt & Son Co.
Address 9500 SE 327th

City ég; ! ng State Q1 on
(2) TYPE OF WORK (check): 90009
New Well X Deepening [J Reconditioning O Abandon O

If abandonment, describe material and procedure in Item 12.

(10) LOCATION OF WELL by legal description:
County Cl ackamas NW SW Y &f Eectlon L of

Township Range _ WM.
(Township is North or South) (Range is East or West)
1 Tax Lot Lot. Block Subdivision
MAILING ADDRESS OF WELL (or nearest address) € €@ OWNER

/5 /{fe - 270k

( TYPE OF WELL: (4) PROPOSED USE (check): (11) WATER LEVEL of COMPLETED WELL:
RS Y X Driven [ | Domesic (1 Industrid L[] Municipsl L1 | Depth at which water was first found approximately 180
Rotary Mud K] Dug O | rigation X1 Wttt O Reinjection | [J | Staticlevel 528 £t below land surface. Date 8 / 7/ 8 5
Other: L . ) Artesian pressure Ibs. per square inch, Date
1 Xl Bored O Piezometric L[] Grounding O mest — ] l 2
(12) WELL LOG: Dlameter of well below casing ... ooeggrencnesen
CASING INSTALLED: Steel iy Plastic [ Depth drilled 1 R Depth of completedwell 17873 f.
Threaded T1 Welded vl Formation: Describe color, texture, grain ize and structure of materials; and show thickness
“16 ....... * Diam. fmm""l s 5 fi. to 709 ft. Gauge..* 3 7 5 and nature of each stratum and aquifer ge'netrated, wjth at least one entry for Fach chx.ing.e of
12 k 6 9 5 111 6 3 30 formation. Report each change in position of Static Water Level and indicate principal
wzibz.....” Diam. from ft. to ft. Gauge...t water-bearing strata. )
' LINER INSTALLED:  Steel O Plastic 0
. Threaded [ Welded [ MATERIAL From | To SWL
.................. “ Diam. from Wt to ft. Gauge See AttaChed
(6) PERFORATIONS: Perforated? [] Yes Xl No
Size of perforations in. by in, =
perforations from ft. to ft.
perforations from ft. to ft. )
perforations from ft. to ft.
(7) SCREENS: Well screen installed? [J Yes No
Manufacturer’s Name
Type . - ... Model No.
Diam. casicsnicssccanssennnss S0t SiZ€ oo Set from ft. t0 nen. ft. -
[ D)E:) ¢4 KO Slot Size ......ccwe. Set from ft. to ft.

Drawdown is amount water level is lowered
below static level

(8) WELL TESTS:

Was a pump test made? [ Yes O No If yes, by whom? Layne

118 0 gal./min. with 158 ft. drawdown after 2‘% hrs,
. 1062 . 127 . 3
Aintest- 885 gal./min. with driltstom-at 89" & 3% s,
Bailer test gal./min. with ft. drawdown after - hrs.
Artesian flow gp.am.
s erature of water 71}0 F Depth artesian flow encountered ft.
9 CONSTRUCTION: Special standards: Yes [ No &

Well seal—Material used
Well sealed from land surface t0 e

See. ablached s&etche

Diameter of well bore to bottom of seal ...}....

TR |
Diameter of well bore below seal .....eme.....ccorvcrreucee in

Amount of sealing material Cem ent 2 51“" sacks Xl pounds [T
How was cement grout placed? PUMPped. .~ . Mathods A & G
Was pump installed? .JAQ Type HP Depth ft.
Was a drive shoe used? Xl Yes [ No  Plugs ... Size: location ... ft.
Did any strata contain unusable water? [ Yes % No o

Type of Water? - - ‘depth of strata o
Method of sealing strata off )

Was well gravel packed? [ Ves E No  Sizeof gravel: ...
Gravel placed from ft. to 7 ft.

'completed L0/1/0
10/1 185
(unbonded) Water Well Constructor Certification (if applicable):

This well was constructed under my direct supervision. Materials used and
information reported above are true to my best knowledge and belief.

Date work started 3]
Date well drilling machine moved off of well

Date 19

[Signed]

(bonded) Water Well Constructor Certification:

Issued by: A1 ric Stat 8

Bond: -
(number) (Surety Company Name)

Onbehalfof._SChneider Equipment, Inc.

(type or print name of Water Well Constructor)

NOTICE TO WATER WELL CONSTRUCTOR
The original and first copy of this report
are to be filed with the

WATER RESOURCES DEPARTMENT,
SALEM, OREGON 97310
within 30 days from the date of well completion.

SP*46866-690

SEI #8512




RECEIVED

00T 301985

WELL LOG

WATER RESOURCES DEgT FRANK SCHMIDT % SON CO.

Depth in Feest

O

Z
31
48
52
&8
&%
71
72

74

75

84
100
123
124
1346
148
152
155
158
1&6%
1746
184

iB&
197

210

220
224
228
234
237
251
255
263
2867
282

286 .

297
i1
313
3145
323

332

338
3484
3445
348
3565
372
375

SALEM, QREGON

2
%1

- &8

52
A8
&9
71
72
74
73
84

100

121
124
136
148
132

155

1468

- 147

174
i84
184

197
210

C220
224
228

234
257
251
255
263
247
2872
286
257
311
313

. 316

323
F3Z2
334
344
3445
348
34T
372

375

381

HOOD ACRED WELL NO. 5

Top soil, brown

Clay, red

Clay, multl—cmlared tan—yellnm, gritty
Boulders & gravel, some clay

Gravel % cobhlexs ”

Gravel & cobbles with clay, brown
Sandstone, yvellow ’

Clav, silty, grey

Bravel & cobbhles

Sandstones (yellow brown}
Gravel & cobblss {(boulders)

T Bravel & boulders

Gravel & clay
Bravel & clay & bpulders -

" GBravel & boulders with clay
‘Bravel, boulders & clay

Gravel & cobbles {(loose)

Gravel & cobbles - &%*-—8¢

Bravel % cobbles cemented with clay
Boulder .

Bravel & cobbles {(cementsd)

Gravel & cobbles cemented w/some clay
Bravel, 3" minus & sand coarse looss

bravel % cobbles w/focras. houlder
Gravel % cobbles, some cemented

Gravel & minus w/some clay binder, yellow

Gravel w/some cobbles w/clay binder
Gravel & cobbles w/clay {(soms)
Gravel wfclay, tan

Clay tan w/gravel :

Clay, tan & brown w/some gravel
Elay, 1ight gray w/soms gravel

Clay, tan & brown w/soms gravel
Gravel & clay, brown

Clay, tan, gray & brown gritty & gravel
Elay, tan, gray & brown & gravel
Clay, tan w/occassional gravel layer
Ciay, tam gritty

Clay, tan w/some gravel

Bravel wfclay lavers

Gravel & clay, brown fine sandy, dry
Clavy, Drown

Clay, white & tan soft

Clay & broken gravel

Sravel wfsoms clay

Gravel w/trace of clay

Bravel & clay. brown silty
Clay,; reddish brown w/broken gravel imbedded

Bravel & clay reddish brown
Llay & gravel brown

Fage 1 of 4




J. FRANK SCHMIDT & 50N CO.

HOOD ACRES WELL NO.

Depth in Feet

381
386
394
402
409
424
533
440
a44
444
451
457

4466

470
473
a7z
485
488
491
493
495
o502
SO3
508
517
524
=Lh
327
529
531
I35
541
o4&
=50
294
5546
o600
364
570
575
372
976
599
&01
03
09
610
&16

22

&28
&£32
£38
G642

3846
376
402
409
424
433
440
444
444
451
457

AhG

476
473
477
485
488
491
493

495

S02
SUE
508
517
524

024

527
329
551
o33
541
544
=50
554
256
540
564
570
574
592
oFh
599
&01
6035
&H0F
&106
aib
GEZ

- HEg

=32
638
s4Z
&546

Clay, tan & brown firm sticky

S Page 2 of 4

Gravel w/clay % coarse sand imbedded brown
Bravel cemented, w/clay, brown
Gravel cemented w/coarse sandy clay brown

Bravel B® minus w/somes clay {(looser}

Basalt, blk, fractured w/some yellow clay

Basalt, blk, med fractursed w/some clay.vellow

Basalt, blk, fractursd H!snmé clay, yellaow

_bravel % clay tan

Clay tan firm sticky
Elay tan, sticky
Clay, med blus—gravy
Ciay, blus—gray soft

Gravel & clay tan fine sandy

Clay, tan & brown w/broken rock imbedded
Clay, blus-—gray, med
Sandstone blk w/some clay
Clay, drk blus—gray

Clay, gray

Sandstone, or cemented sand blk w/brown sandy clay

Llay, brown sandy, dry
Clay, reddish brown sticky
Elay, blue—gray sticky

‘Clay, bluse w/sand blk imbedded, soft

Clayy blue—green, flakey med
Elay, blus—green drk w/sand imbedded, soft

Clay, blue—green & gray w/sand imbedded, med

Clay, gray firm

Ciay, gray w/sand imbedded, med

Clay, blue & brown streaked fine sandy
Clay, brown fing sandy

Clay, tan brown, fine sandy w/firm streaks
Clay, gray, fine sandy )

Clay, blue-green sticky, flakey

Clay, blus—green, med

Llay, gray, soft

Clay, blue & gray streaked, firm,sticky, flakey

Elay, blue—green, drk, fine sandy, mesd
Clay, gray silty, soft

Clay, blue,; sticky

Clayy blue—gray, med sticky

Elay, blus & gray sandy, dry .

Clay, gray, fine sandy, dry

Elay, gray, sticky »

Clay, blue % gray, med soft

Elay, gray, ftine, sandy k

fLlay, blue—gray, sticky

Clay, gray, fine sandy, dry’

Clay, gray, fine sandy '

Elay, gray, sticky ]

Elay, blue-green firm sticky
Claystone, gray, hard ~

Clay, gray & blue sticky w/hard streaks




d. FRANK SCHMIDT & SON CO.

HOOD ACRES WELL NO.

Depth in Feest

456
657
&2
&7 3
A75
a74
&77
&F7
FOZ
Fiz
7i7
T2h
729

T30

TE2
735
73b
740
743
745
Fa5
Fa=
FET
FE0
FIF7
780
=1
789
74
798
804
805
B30
860
B72
880
870
P55

795

1010
1635
1042
1073
1085

1094

1105
1112
1147
1174

1202
1224

&£57
a&a2
a73
5735
&746
677
a7
Fo2
7iZ
717
725
729

730

735
734
740
F4Z
745
747
753
7I7
FIO
77
780
784

- FET

734

778

82064
805

-~ B30

840
872
880
890
755
285
1016
1035
1042
1073
1085
10%4
1165
112
1147

11746

1202

1224
13G7

F3Z2

- Clay, gray, firm

5 Page 3 of 4

Clay, blus & gray sticky
Clay, blus—gresn sticky
Ciay, gray, med sandy, firm, dry

‘Clay, blue—green & gray, med sandy,firm,dry

Dlay, blue—gray sticky

Clay, blus—gray, fine sandy
Clay, gray, fine sandy

Clay, blue—green, flakey, firm
Clay, gray, fine sandy, firm
Clay, gray, fine sandy, soft
Clay, blues—gray, fine sandy, med
Clay, gray, fins sandy, firm
Clay, gray, sticky ’

Clay, blus, med

Clay, gray, fine sandy, firm

Clay, gray & blus, fine sandy, med

Clay, blus, sticky, med

Clay, blus w/firm streaks, sticky

Clay, blue, fine sandy, med

Clay, blue % gray, fine sandy, med

Clay, gray, med sandy, hard

Clay, gray, med, hard

Clay, gray, med sandy, firm

Clay, gray, med sandy, firm

Clayy gray, fine sandy, med

Elay, gray, fine sandy, med, w/wood
Clay, blue, sticky

Clay, gray, fins sandy w/hard layers
Clay, drk brown & gray streaked

Elay, drk brown, firm o

Clay, blue & gray, little sandy med
Clay, gray, soft silty

Elay, gray, soft gritty

Clay, dark brown, fine sandy

Clay, blus gresn, soft

Clay layers of gray % blue green, soft
Clay, gray, mad .

Clay, gray % blues green layers, med soft
Clay, dark gray, soft

Sandstone, gray, med

Clay, gray, soft

Clay, blue—green, soft T

Clay, gray, soft =
Siitstone % basalt, multi—color, soft
Siltstone & basalt, multi-color, med
Biltstone & basalt lavers, multi—color, med
Basalt, black, med hard

Sandstone, multi-color, med with occasional
clay lavers :

Basalt, black med w/sandstone % clay layers
Basalt, black, hard




J= FRANK

Depth in Feet

1307

1320
1324
1Z41
13467
1392

1419

1424
1435
14461
1478
1485
1501

1504
13509
15325
1538

1539
1342
1550

1553
1537
15340

15&6%

1578
158G
1571
16G0
1603
1612
1617
14627

1657

16569
1691
1707
1743
1730

1759

17465
1775

WOOD3. 50T

- 1320

- 133246
-~ 1341
- 13469
- 1392
- 1419

—_1424
- 1433
— 1441
— 1478
-~ 1485
— 1501
— 1504

- 1309
- 1823
- 15338
- 1353%

— 1542

- 13550

- 1553

- 1557
— 154D
-~ 135369

- 1578

— 1580
- 1591
- 14600
- 14603
~ 14612
- 1617
- 1627
~ 1457

— 1647

— 1671

-~ 1707

- 1741

- 1750

- 173%

- 1745

— 1775

- 1783

BOHMIDT & SON CO.
HOOD ACRES WELL NO.

b Fage 4 of 4

Basalt, black, soft, fractured, some clay,
blarck )

Basalt, black, hard -

Basalt, black, med, fractursed

Basalt, black, hard

Basalt, black, hard, soms fractures
Basalt, black, soft—hard, fractured, some
clay

Basalt, black, med, some fracturss
Basalt, black, med

Basalt, black, med-hard

Basalt, black, soft, fractured

Basalt, black, med, some fractures

Basalt, black, med-hard S.W.L. 533&°
Clay, dark grey, hard—crumhly, with basal
& chips

Basalt, grey, hard

Basalt, black, med-hard

Basalt, black, med, ”VESlCUlaT % Ffractures
Basalt, black, saft-med, with claystons
lavers

Basalt & sandy clay layers, multi-
colored, soft

Basalt, black, med-hard, some vesicles %
fractures B

Bamait, black % grey, vesicular, occ.
fracture

Basalt, grey, med-hard

Shales, grey, occ. black basalt imbedded
Basalt, dark grey, snft~med vasicular with
some gresn shals

Basalt, black, med-hard, some vesicles %
fractures ‘

Basalt, black, hard - -

Basalt, black, med, some fracturss
Basalt, hlack, hard

Bazmalt,black, hard with clay lenses
Basalt, black, hard a

LClay, dark grey-black, gritty, med
Basalt, black, med, vesicular & fractures
Hasalt, black, med-hard, some fractures/
vesirles, occ. gray basalt lenses
Basalt,grey, hard, soms fractures/veszcles,
some bhlack

Basalt, grey, hard, occ. gresn shale lensss
Basalt, grey, hard

Basalt, grey, hard, occ. green shale lenses
Basalt, grey, hard o

Basalt, dark grey, soft, broken fracturedf’

vesicular, W.B., S.W.L. 5287
Basalt, dark grey, soft-med, fractured/s
vesicular

EBasalt, grey, med, fractures
Basalt, grey, hard

e
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Geologic Log For Site CLAC 54800

NWIS Site ID: 452646122092301

OWRD Log ID: CLAC 54800 Logged by: M. H. Beeson
Well location: 01S/05E-35ABBO01 Date drilled: 01/07/1999
Depth drilled, in feet below land surface: 584

Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 693.69

SUBSURFACE PROFILE
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Geologic Log For Site CLAC 54800

NWIS Site ID: 452646122092301

OWRD Log ID: CLAC 54800 Logged by: M. H. Beeson
Well location: 01S/05E-35ABBO01 Date drilled: 01/07/1999
Depth drilled, in feet below land surface: 584

Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 693.69

SUBSURFACE PROFILE
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Geologic Log For Site CLAC 54800
NWIS Site ID: 452646122092301
OWRD Log ID: CLAC 54800
Well location: 01S/05E-35ABB01
Depth drilled, in feet below land surface: 584
Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 693.69

Logged by: M. H. Beeson
Date drilled: 01/07/1999
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CLAC 56872 Q{QQ/ 5!087&
Amendied) g

STATE OF OREGON

WATER SUPPLY WELL REPORT Lol Q,e.pa‘}\— WELLID.#L 4D F ¥

(as required by ORS 537.765)
Instructions for completing this report are on the last page of this form.

START CARD # | 3RS KFO

1) L%WNE& 93 ! * n(‘D WellNumber ___

address 12D &.w. B Az
ciy theHaned state DR ziyd 1209

% TYPE OF WORK

New Well [ Deepening [ Alteration (repair/recondition) [J Abandonment

(3 DRILL METHOD:
Rotary Air [J Rotary Mud [ Cable [JAuger

[ Other
(4) PROPOSED USE:

[0 Domestic [ Community {7 Industrial Dlmgatxon
OThermal [JlInjection  [J Livestock ﬁomer pﬂ:ﬂd‘«hw

(9 LOCATION fEF WELL by legal description:
County. titude______ Tongjgde
Township / N Range ¢ ; ( Eir W. WM.
Section D5 AN Vs RO i
Tax Lot / 409 Lot Block Subdivision
treet Addregs of Well (or nearest address)

| €10) STATIC WATER LEVEL:

ft. below land surface. Date

Artesian pressure _U_le. per square inch Datem

(11) WATER BEARING ZONES:

Depth at which water was first found

(5) BORE HOLE CONSTRUCTIQN:
Special Construction approyal [J Yes [ No Depth of Completed Well From To Estimated Flow Rate SWL
Explosives used [JYes [ANo Type Amount a -] L./ P (ﬂ ) S
HOLE SEAL j ) "
Diam er F To Mate'ri 1 Fpom To cks or pounds _glqa 0 L0022
4% 8 1o went |18 | Fo) 85 EES O §350 S0 ()
SO 770 |RDCewent [0 (98 020k
is— iV 19 {'m .
. i (12) WELL LOG:
How was seal placed:  Method [JA  [0OB OC Ob [OE Ground Elevation
[ Other
Backfill placed from ft. to ft.  Material Material From To SWL
Gravel placed from ft. to ft. Size of gravel d{J(CCS 5\\" & LG J o Lol
{6) CASING/LINER: it \rs, ol 1YS
Diaméter From To Gauge Steel Plastic Welded Threaded q'S' / %
Casing: .&1 { m O N ] < (.l) / OD / @
e BL3SY o KO Bﬁ?_(eFC—\,(uﬁn\nnnc_ [SD M0
oo o U lac| 9D 1320
O g 0O L] . ! v;\/\l’ /)m\\uf 30 |5 \O
Liner: ) 0 ) u Py o\ ey o=y colar SO 85
Drive Shoe used L] Inside ] Outsid DE 50 - Lo quic o _©
nside o
Final location of shoe(9 umice e DXt ARV sicdoc | §95 [ 38
. fﬁvv!éV)\n P T\nkc- el 585 36{6
(7) PERFORATIONS/SCREENS: “_ " e ﬁ% (_Q
O Perforations Method 150 VM‘C{ Vst X 8]
{0 Screens Type Material
Stot Telpipe RECEIVED
From To size Number Diameter size Casing  Liner
O O BEC 1 4 2001
O 0
O O WATER RESOURCES DEPT,
0 O
(8) WELL TESTS: Minimum testing time is 1 hour Date started ‘3‘\5’0‘ Completed _(p - (- O
Flowing 5 fon:
MPump [ Baiter O Air Artesian (unbond'ed) Water Well Constructor Certification: . .
) ) . . 1 certify that the work I performed on the ct‘nstrucuon, alteration, or abandon-
Yield gal/min Drawdown Drill stem at Time ment of this well is in compliance with Oregon water supply well construction
q 57) — — C/‘ la hr. standards. Materials used and information reported above are true to the best of my
knowledge and belief.
\lgsD ‘ qD .—)2 M’\P WWC Number 7_{‘/
) Signed Zézéf Date 72~/ ,Lo/
Temperature of water Depth Artesian Flow Found (bonded) Water Well Constructor Certification:
Was a water analysis done? Yes By whom I accept responsibility for the construction, alteration, or abandonment work
. . . s for i o i performed on this well during the construction dates reported above. All work .
Did any strata contain water not suitable for intended use? O Too little performed during this time is in compligice with Oregon water supply well
OSalty [(OMuddy [1Odor [OColored [JOther construction standards. This reporieffue to the best of my knowledge and belief. ( %y

Depth of strata:

WWC Number

Signed Date __Le

/

ORIGINAL - WATER RESOURCES DEPARTMENT  FIRST COPY — CONSTRUCTOR  SECOND COPY — CUSTOMER
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__________________________________ CLAC 60260 R

STATE OF OREGON

WATER SUPPLY WELL REPORT (WELL 1.D.)# 1. 43768
(as rcq.uirccl by ORS 537 '{()5) ‘ o (START CARD) # 164648
tustructions for completing this report are on the last page of this form.
(1) OWNER: Well Number PW-1 (9) LOCATION OF WELL by legal description:
Name City of Portland County Clackamas _ Latitude Longitude
Address 1120 SW 5th Ave Township 1 S Range 5 E WM.
City Portland State OR Zip 97204 Section 36~ NE 1/4 NW 1/4
(2) TYPE OF WORK Tax Lot 1400 Lot Block Subdivision
[ New Well Deepening [} Alteration (repair/recondition) [] Abandonment Street Address of Well (or nearest address) Lower Headwater Rd,
(3) DRILL METHOD: Bull Run Watershed
[ Rotary Air [ JRotary Mud [ Cable [ JAuger (10) STATIC WATER LEVEL:
[JOther ft. below land surface. Date
(4) PROPOSED USLE: Artesian pressure 70 Ib. per square inch. Date 6/21/04
I Domestic [JCommunity  []Industrial [Jlrrigation (11) WATER BEARING ZONES:
[ ] Thermal [ ]injection (] Livestock W] Other test
(5) BORE HOLE CONSTRUCTION: Depth at which water was first found 103
Special Construction approval [} Yes I No  Depth of Completed Well 850 fi _
Explosives used [ ] Yes IZI No Tvpe Amount From To Estimated Flow Rate SWL
HOLE SEAL 600 611 960
Piameter  From  To Material From To Sacks or pounds 625 630 1000
6" 600" {650

(12) WELL LOG:

How was seal placed: Method [JA [JB  [Jc¢ [Ob [JE Ground Elevation
I Other
Backfill placed from __ Noto__ ft. Material Material From To SWL
Gravel placed from __ N to_ fi. Size of gravel (reference original start # - 134870)
(6) CASING/LINER:
Diameler from To Gauge Steel  Plastic Welded Threaded | |Basalt (slightly vescular) - black w/ brown |600 611
Casing NA J O | OJ some pyrite
] ] ] | Basalt (soft) - black w/ green 611 613
3 1 ] O Basalt (soft)-black w/ green; some yellow [613 625
B ] ] (] & white quartz
Liner: NA D ] M O Basalt -black, some green/red less quartz 625 630
O ] ] ] Basalt (Hard) - black/gray very few pieces |630 650
Final location of shoe(s) vesicular, traces of gold
(7) PERFORATIONS/SCREENS:
(] Perforations Method
[ ] Screens Type Materiat
Fr T S'“‘ . ) } — Tele/pipe o - B i \
rom o size Number | Diamcter size Casing Liner
NA 0 O JUN-3-0- 2004
] U
O ] oaTER RESOURLES LERT
] L] T ealem OREGON
] U
(8) WELL TESTS: Minimum testing time is 1 hour Date started 5/25/04 Completed 5/28/04
Flowing (unbonded) Water Well Constructor Certification:
[Jrump [ Bailer R [/] Artesian [ certify that the work [ performed on the construction. alteration, ot abandonment
Yield galhuin Drawdown Dl stem at Time R/f[“'lhis' wS:Il 19 i 7001}111]iam':e_wilh)()r g‘onl wulc:r su‘pplyx well z‘:on‘struc_llon :ftandafds i
aterials used fAind information repodled above are true to the best of my knowledge
1000 flowing [ =e=eeeeeeem | hr. and belief. . L
" // o T WWC Number _Zr!‘f‘( {);
Signed »52'/ Z.-"‘-lv"'i' ("7"“/ . Dale 6/28/04
Temperature of water 54 F Depth Artesian Flow Found (bonded) {\’ater Well Construttor Certification:
Was a water analvsis done? [7] Yes By whom [ accept responsibility for the construction, alteration, or abandonment work

performed on this well during the construction dates reported above. All work

Prreys " ~ -1 11 o0 SIE s o e nde cp'? % ittle N I . .
Did any strata contain water not suitable for intended use? [7] Too little performed during this time is in complianee with Oregon water supply well

(Salty [JMuddy [[JOdor [JColored  [}Other construction standards. This report is-fftie to the best of my knowledge and beliefl,
Depth of strata: - « WWC Number }E*f;r'/‘/‘:'/‘/’/
Signed g oo L FE i Date L-,.r,/,,;/ &€ /C,/

ORIGINAL & FIRST COPY-WATER RESOURCES DEPARTMENT SEg_()ND'ﬁOPY—CONSTRUCTOR THIRD COPY-CUSTOMER




Geologic Log For Site CLAC 58434

NWIS Site ID: 452646122090501

OWRD Log ID: CLAC 58434 Logged by: M. H. Beeson
Well location: 01S/05E-35ABAO1 Date drilled: 11/01/2002
Depth drilled, in feet below land surface: 759.5

Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 876.32

Degpth | Symid Lansiogs Descmpton g Remarks
_ Ground Surface ard
. : Fill | 880 |
b R Violeanic dabris
ol Sl e - 850
Tt
%o
"?'jl.'-f'f" Cescade volcanics - lahar?
VL Yesliow brown woclanic debns - breccia with small light clasts
i n"‘:i'n' (lahar or ashilow)
I.h:'}
a2
- » '_‘II
. I---- -
s i -' Ay - flunvial elasts and voleanic debriz
LI 784
351—5‘.' Hasalt bowiders 7 B
Pk B4 |
'_II. " '_Ir'
..
100 -I.-'_' '- Mix - Myvigl clast=s and volcanic debris
¥ g
- - 758
Sand MHollow Mow phyrich
. o P Chermisiry, BR Pwa125
Gikdyteacitic at bop, finer grained and denser dewiraard | dark gray, shrie : EWL I:EF-;rE' casing - 125
Fesw veskol lar chips., weathared and shightly oeidize e

Sand Mollow flow (sparsaly phyric)

Ghemisiry. BR PwZ-182
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Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 876.32

Geologic Log For Site CLAC 58434
NWIS Site ID: 452646122090501

OWRD Log ID: CLAC 58434

Well location: 01S/05E-35ABA01

Depth drilled, in feet below land surface: 759.5

Logged by: M. H. Beeson
Date drilled: 11/01/2002

Samtinal Biuffs Il flow
Fime ko medium gramed
2107240 gray, fne o medium grained didytaxitic, s parsaly phyric, changing ta
dark gray denser and less dktytaxitic owand Gass

=
|ithekegic Descrighicn 2 Rernarics

&

L

Fimar graned oward base: sparse phenoecrysis 60

\esisular; nal wealthered or oxidzed, some caloits 59

Ginkgo flow
Phyric, fima greined, diltytasitic. fresh, few vesicles - bop ercded off
denser near base, frothy glass and sadiment -pllows
DA (BR Pwd-233)
Pilloww |ereid = Qi85S and pepents gog | [Flow 4050 gpe befare 2asing)
Vartage Interbed &3
Giay silty sediment with some mica; same light catred claysions; obs of wood
Vesieaular few iop - derk gray to black, weathared graw bul not aodized, (Eer
o W R T |
.8
Semtinel Biuffs | flow
Chark graw, coarse graimed, microwesicular to dikbytasabe from 270 - 285
becomes darker denser, and finer graned near base
(BR Fy2-200)
L} Finerstbose o few vesicles and scme Clay chigs 372
=
‘Jasicular flow top - nol coddized bad shghlly westhered giving 2 Sull, diry
appearance; calcile filing some vesices
Fa)
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Geologic Log For Site CLAC 58434

NWIS Site ID: 452646122090501

OWRD Log ID: CLAC 58434

Well location: 01S/05E-35ABA01

Depth drilled, in feet below land surface: 759.5

Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 876.32

Logged by: M. H. Beeson
Date drilled: 11/01/2002

Dapth | Symood Lithakgic Description E Rermarks
R I
-1
- (BR Pwz-425)
- 437
Wegicular zone A9
Intarbea . . .
Vesicular figw fop - wealhered, sightly oxidized; wesicles are costed with ':1:-';:4- - 30 gpm, SWL=185
powder biue clays a1 rilkar]
Faw biua olay coated vugs: from wesscular zone downward
Winter Water fliow
Very fine gramad, dark gray o Bleck dence
=)

Deark gray e grained dikiytesiic paichess

485800 = 230 gom, SWiL=185
{Diribe)

Cnemisoy. BR Fwa-000
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Geologic Log For Site CLAC 58434

NWIS Site ID: 452646122090501

OWRD Log ID: CLAC 58434 Logged by: M. H. Beeson
Well location: 01S/05E-35ABAO1 Date drilled: 11/01/2002
Depth drilled, in feet below land surface: 759.5

Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 876.32

Buplh | Symb-d t Lithologic: Drescripticn | Rerars
Fime graimed danae, dark gray ba greanish gray
Fc ]
Vesicular 2one- slighily allered, same ghass and Bght 1an clay ]
Biflow lobe
Fire grained, a Ffew plagicclase phenocrysls 215 | Chemistry: BR PwZ-655
A faw yesicles and glassy chips ol base -
Sadiment inlerbed - & rhdof wikile 10 gray ClEysEone Chips and QIESE; Vasic Uiar
B gl - iPvaS e Inigue’ 201
Carkonized wood fragments and irmprind= in claysione
Jary thin weskcuiar zone (partly erogded 7 ), small vesic e, 1o oxication
B4
':'f:.'i"}' rr‘:l'.'-' l::'lqmiﬂrjl E-R F‘N-M‘E-EQT_J
7004 - 188
. i i 164
_-EfF‘,'E;'F‘H“'\- Gresanvish sifty sedirment -
i:'.:‘;—l‘_'d'r-: s ma . Themiglry. BR PwZ2-T15
+ .__31-3. Eroded flow or flow [mhe? 153 | 705 798 - 180 gom, SWL= 144
MFERS  Wesiculw, fine grained, weathered and cxdized &t top; blue clay ined vesicies; {driller)
JI?'; o few chips of fulfacesous sedment; pyrite and cacie crystals
e 5 .-"'..:F 134
[ H'.i""d.'
T
. "F-:.: = _i Oriley
:|"-r::_-||’: 119 Chemistry: BR Pw2-T50
| | _ Dk gray, fime gradned o 114 |
End of Log
00—
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Geologic Log For Site CLAC 58434

NWIS Site ID: 452646122090501

OWRD Log ID: CLAC 58434 Logged by: M. H. Beeson

Well location: 01S/05E-35ABAO1 Date
Depth drilled, in feet below land surface: 759.5
Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 876.32

drilled: 11/01/2002

A -Built Summary
Geoldogic Log
'r N Fiil and Volcanic Debris b E;E'?ﬂ I&75)
lll\ | - Cement Lardslde Deposils
M) (Waleanic debris)
-~ 127 Borehaode BZE
\\I\.‘l - (e 1307
[, Fluvial Clasts; Bouldars;
IL\!\ i | and Wolcanic Debris
(4] i 8" Casing (Passible terrace deposits)
) t o 1207 -
N i
;\'\I Sand Heollow Flow
NN E
2040 Q 2
A 867 E
h \ Ginkgo Flow -
_~Lament ﬂ B B30 &
| \I i ™ - Vanlage Inerbed et T
. )
] :\I Sentinel Blufls | Flow 5
& 300 [ I =
= N - Casi 0
% N " o 3:5"-;'9 '
L] =
T i
5 b =
g -di Sentine| Bluffs || Fiow o
=
2 a0 L 3
z | | =
L] || =
= b - 432 £
£ | = 5
3 | II . =
[ 2
S04 ,I || a
| T
] =
|| 2
]
b Winter Water Flow 5
I L
] =
I |
BO0 |1
b
b
| |
| 216
| | & Cpen ]
I L Hole
700 )
: |' Ortley Flow
||
|
80 L 1o 780 dis
LEGEMND .
-1 Flow Tep E=—1 Interbed
E=S] rilows [+ Vesicular
FIGURE 2-2
Mole: Geologic Iog ia kased an lsgs PILOT WELL 2
davecpad by Or Usivin Bessan AS-BUILT AND GEOLOGIC LOG
CITY OF PORTLAND/EULL RUM GRWIOR



llorzol
Stamp


STATE OF OREGON -
WATER SUPPLY WELL REPORT (WELL LD.)# L. 58409
(as required by ORS 537.765) (START CARD) pr 150220
Instructions for completing this report are on the last page of this form.
(1) OWNER: ' Well Number Pilot 1 (9) LOCATION OF WELL by legal description:
Namec City of Portland - Water Bureau County Clackamas  Latitude Longitude
Address 1120 SW 5th Ave., Room 600 Township! 8 Range 8 ~E WM.
City Portiand State OR Zip 97204 Section 35 NW 1/4 NW 14
(2) TYPE OF WORK . TaxLot  Tot  Block____~ Subdivision
New Well [ ] Deepening | | Alteration (repair/recondition) | ] Abandonment Street Address of Well (or nearest address) Bull Run Watershed, .
(3) DRILL METHOD: Dam#2 Headwords
#/Rotary Air | Rotary Mud [ }Cable [ ]Auger (10) STATIC WATER LEVEL:
[]Other B B fi. below land surface. Date
(4) PROPOSED USE: Antesian pressure 56 Ib. per square inch. Date 12I11Kl2 ]
[ ] Domestic #/Community | | Industrial [ }Hrrigation (11) WATER BEARING ZONES:
{ ] Thermal { ] Injection [ JLivestock [Jother
(5) BORE HOLE CONSTRUCTION: Depth at which water was first found
Special Construction approval [ | Yes #/No Depth of Completed Well 650 fi. o
Explosivesused [ }Yes WfNo Type  Amount o From To Estimated Flow Rate SWL
HOLE SEAL 187 240 30 GPM 64
Diamcter From Te Material From To Sacks or pound: 325 340 100 GPM 56
16~ 0 12 {Cement 0 340 395 Flowing 150 GPM
12 12 (112 | 107 |99 sacks 395 650 - 500 GPM
8" 112 (270 |Cement 107 |266 |70 sacks -
& 1210 (850 (12) WELL LOG:
How was seal placed: Method [ 1A [JB @#C [Ib [E Ground Elevation
W Other 8" Seal was pumped inside out from bottom up o -
Backfill placed from fl.to fi. Material Material From To SWL |
Gravelplacedfrom  fl.to _f Size of gravel _ | |See Attached Sheet
(6) CASING/LINER: . . -
Diameter From To Gauge Stecl Plastic Welded  Threaded -
Casing:a- L 107 |.250 Z (] Z (] [ . I
e .M 26 |250 \f [ W Ll S .
SO NN S NN B S I R £ I
. I O R £
Liner: o .
o oo
Einal focation of shoc(s) _ L B
() PERFORATIONS/SCREENS: 3
[ ] Perforations Method o .
["]Screens Type _ . _ Magral B S S
From To :ilzn: Number | Diamcter Tcl:ilz[;ipc Casing Liger | (. R ST - p—— - R
S N B o0 ECEIVED I
S IAN 008 7003
] U] [ SR
B | R () [ || YATER RESUUACES DEPT
- EREGON
(8) WELL TESTS: Minimum testing time is 1 hour Date started 10-14-02 Completed 12/1102
Flowing (unbonded) Water Well Coastructor Certification:
[ |Pump [ ] Bailer W Air W Artesian I certify that the work I performed on the construction, alteration, or abandonment
Vewgnis  Drindma b Time | gl s complance with Oron enr pply wll conrcsonsandars
500 650° ! hr. and belief.
~ WWC Number 1751
2,000 0.25 hrs Signed _ f;-zy—;/\/ Date 12-19-02
Temperature of water -'i‘vl_: 7777777777 Depth Antesizn Flow Found 340° (bonded) Water Well Constructor Certification:
Was a waicr analysis done? {] Yes By whom I accept responsibility for the construction, tion, or abandonment work
Did any strata contain water not suitable for intendeduse? [ | Too little g:gg?;:ccg %r{:)lgs gf;ltﬁgrfl;hz;ggsw w lg‘ng;rg:r::;:rb;’u‘;;l?u;’lmk
[saity [ [Muoddy [ ]JOdor [ |Colored [JOther | construction standards. This e to the best of my knowledge and belief.
Depth of strata: i WWC Number 1464
Signed e _Date 121 9-02

ORIGINAL & FIRST COPY-WATER RESOURCES DEPARTMENT SE(WOPY COT(TRUCTOR THIRD COPY CUSTOMFR
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CLAC 58435
Geo-Tech Explorations, Inc.
19700 SW Teton RN
Tualatin, OR 97062 REC cIVED
Ph: (503) 69?-6400, Fax: (503) 692-4759 AN T % 2003
METSH S ESDUNGES pEpT
Well Name: Bull Run Pilot Well # 1 LM ’JRFGgNDEP’
Start Card #: 150220
Label #: L58409
Material Description From: To:
Silty Gravels 0 9
Large Basait Boulder 9 17
‘|Gravels, small to large, silty 17 28
Red Gravelly clay 28 31
Blue gray clay 31 38
gravels small to medium 38 58
Gray sandstone 58 65
Red Gravelly clay 65 102
igood basalt gray medium 102 125
Grey medium basalt with light gray claystone 125 130
gray- black basalt, hard 130 168
gray basalt, mudium with sand-brown 168 171
igreen sandstone with gray siltstone 171 187
Basalt medium gray 187 325
Weathered Basalt with green sandstone 325 340
Black, gray Basalt 340 395
Basalt, fractured 395 402
Basalt, gray medium 402 450
Basalt gray, medium, fractured 450 452
Basalt, gray medium 452 458
Basait gray, medium, fractured 458 475
Basalt, gray medium 475 512
Fractured vesicular basalt with pyrite 512 520
jgray basalt medium 520 531
dark gray seimentary rock with light gray clay 531 538
Weathered Basalt with brown sedimentary rock 538 545
Basalt gray, medium 545 580
Basalt, gray, very hard 580 592
Basalt, gray, medium 592 594
Basalt, gray, very hard 594 603
Basalt, gray, fractured, medium 603 605
Basalt, gray, very hard 605 613
Vesicular, fractured Basalt 613 633
Basalt, gray, medium 633 649.5




Geologic Log For Site CLAC 58435
NWIS Site ID: 452650122091701
OWRD Log ID: CLAC 58435 Logged by: M. H. Beeson
Well location: 01S/05E-26DCCO1 Date drilled: 10/14/2002
Depth drilled, in feet below land surface: 649.5
Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 731.64

[ =
Depth | Symbal Drescription ’E Remarks
v}
B GFround Surtace T3
(i : = Lo
.ﬂg; i
ﬁn"f:% Andesite and gravel
e e i of andesde and slresm-rounded pebbies
T )
T I
il 8 Cascade volcanics (landsiide)
B i fostly andesite clasts, some clay and pumice - lahars?
E%T i {land skde of mosty Rhodadendron Formation]
il )
BB
ST-100° Fragmenls of fresh vesiculas Ginkge basad
1001 ]
g el B0 1 hemistry? BR-PW1-110
Phyric, fine grained, disytaxitic, fresh, few vesicles - fop eroded off
dermer near base, froihy glass and sediment -pillows
Vantage interbad B0
Gray sifty sedirment wiEh some mica, becomes damer, Carbonaceus claystane
at bage; some glass chips
; Wesicular flow fop - dark gray 1o black, weathered gray b nol axidizesd, fewar
of =gl | vasicles downmsand
o F 580
4= =l "
Sentine! BiufTs | Now
Diark gray. coarse grained, microvesicular to diktytestic: becomes darkes
T ser, and finer grained near bage
it ’ Chemisiry? BR-PW1-185
555
interbad 553
White bo gray bo dark greenish gfey Caysiona
Vesicular Now top - not cedred 540

Fine grained, dense; drusy calile
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Geologic Log For Site CLAC 58435
NWIS Site ID: 452650122091701
OWRD Log ID: CLAC 58435 Logged by: M. H. Beeson
Well location: 01S/05E-26DCCO1 Date drilled: 10/14/2002
Depth drilled, in feet below land surface: 649.5
Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 731.64

Remarks:

i
i
|
3

Sentinel Biuffs I fow

Fine t meadinem grained
2100 2400 gray, fine to mediurm greined didytaitic, sparsely phyric; Ghanging o

-
[ N I DO R B
il A_r 3 v 3 .8

+ 3 ; dark gray derdar i lEas dikeytaitic ioward base
_ 1 Botiom of casing 270 (cement in|
gamplash
(] Chemisiry? BR-PW1-205
aoo—- || -]
-1° 4230
Wesicular pome « 55 wesicles and dikiylakilic desper 415 |
i Mlaros™
Winter Waler: e . )
Chamigty? BR-PWT-32
wWesicular, slightly westhered, sediment?
| 80 |
¥irrher Water? |:|1E"TII5|."\,"-|' BRI -345
Dense, fine gramed, few siial phandchrysts: caicile invescles | 380
"_F-Il:'él-g,l-'i'ﬂsl;uhr mosily fresh. biack Gyt slight exidatiors; E'?'T'E*'El'-aﬂ few larger
vesickas ilh Bluleh coating at 355 silica and clays in vesicles 370

FT0-380 - purplish gray with darker hydration rndss, not 1oo fresh

TS -390 very fine grainad, dense, Tresher

Fore jirried [ broken 7 Mene
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Geologic Log For Site CLAC 58435

NWIS Site ID: 452650122091701

OWRD Log ID: CLAC 58435

Well location: 01S/05E-26DCCO01

Depth drilled, in feet below land surface: 649.5

Logged by: M. H. Beeson
Date drilled: 10/14/2002

Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 731.64

Cascriptice

Elevetion

Remarks

fire raimed, dansa_ dark gray, veny faw phenoorysis

430 aadoite imeavilies

450 pyrite on finaly wesicutar |&sers

Wintar Wa far fTow

Fine grained, mostly derss with 8 few diviytaxilic patches, dark gray, rare sl
plapociaca phemocrysls -

twhy 5o faw good Winker Water-type plagioslase phanocryets)

Fillows
Wery fime grained or glassy with small vesicles, cavities miay corlain biue
op@ime linings and partial fings, pyrfe may cont glass of linS rechrss,
pilagicalase phenocnests rare and smal

218

100

Cadimerd interbed - 3 mix of white 1o gray clevstone chips and glass; wood
fragments, carbonised planl imprimts. i clawshone

152

_,-"'J-t

FETr, \iery Thin vesicular zone [partly eroded?); smal| vesichs, ne axidaticn
EA5 SR @ few hilse-lined vesickes or wigs

Chrtfey (7
- Miosthy dense, dark gray io black, fina grained

4 i 70580 darker gray to black, fimer, slightly micraghyric
]

Ghemising? BR- P80

Chemistry? BR-PW1-585



llorzol
Stamp


Geologic Log For Site CLAC 58435
NWIS Site ID: 452650122091701
OWRD Log ID: CLAC 58435 Logged by: M. H. Beeson
Well location: 01S/05E-26DCCO1 Date drilled: 10/14/2002
Depth drilled, in feet below land surface: 649.5
Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 731.64
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Geologic Log For Site CLAC 58435

NWIS Site ID: 452650122091701

OWRD Log ID: CLAC 58435 Logged by: M. H. Beeson
Well location: 01S/05E-26DCCO1 Date drilled: 10/14/2002
Depth drilled, in feet below land surface: 649.5

Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 731.64
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Geologic Log For Site MULT 72559
NWIS Site ID: 452909122050901

OWRD Log ID: MULT 72559

Well location: 01S/06E-17AADO1

Depth drilled, in feet below land surface: 615
Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 1266.91

Logged by: M. H. Beeson
Date drilled: 12/23/2003
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Geologic Log For Site MULT 72559

NWIS Site ID: 452909122050901

OWRD Log ID: MULT 72559 Logged by: M. H. Beeson
Well location: 01S/06E-17AADO1 Date drilled: 12/23/2003
Depth drilled, in feet below land surface: 615

Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 1266.91
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Geologic Log For Site MULT 72559

NWIS Site ID: 452909122050901

OWRD Log ID: MULT 72559 Logged by: M. H. Beeson
Well location: 01S/06E-17AADO1 Date drilled: 12/23/2003
Depth drilled, in feet below land surface: 615

Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 1266.91
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Geologic Log For Site MULT 72559

NWIS Site ID: 452909122050901

OWRD Log ID: MULT 72559 Logged by: M. H. Beeson
Well location: 01S/06E-17AADO1 Date drilled: 12/23/2003
Depth drilled, in feet below land surface: 615

Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 1266.91
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Geologic Log For Site MULT 72560

NWIS Site ID: 452656122085701

OWRD Log ID: MULT 72560 Logged by: M. H. Beeson
Well location: 01S/05E-26DDB01 Date drilled: 12/13/2003
Depth drilled, in feet below land surface: 690

Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 756.86
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Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 756.86

Geologic Log For Site MULT 72560

NWIS Site ID: 452656122085701

OWRD Log ID: MULT 72560

Well location: 01S/05E-26DDB01

Depth drilled, in feet below land surface: 690

Logged by: M. H. Beeson
Date drilled: 12/13/2003
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Geologic Log For Site MULT 72560

NWIS Site ID: 452656122085701

OWRD Log ID: MULT 72560 Logged by: M. H. Beeson
Well location: 01S/05E-26DDB01 Date drilled: 12/13/2003
Depth drilled, in feet below land surface: 690

Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 756.86
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Geologic Log For Site MULT 72560

NWIS Site ID: 452656122085701

OWRD Log ID: MULT 72560 Logged by: M. H. Beeson
Well location: 01S/05E-26DDB01 Date drilled: 12/13/2003
Depth drilled, in feet below land surface: 690

Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 756.86
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Geologic Log For Site MULT 72560

NWIS Site ID: 452656122085701

OWRD Log ID: MULT 72560

Well location: 01S/05E-26DDB01

Depth drilled, in feet below land surface: 690

Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 756.86

Logged by: M. H. Beeson
Date drilled: 12/13/2003
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Geologic Log For Site MULT 72561

NWIS Site ID: 452649122092501

OWRD Log ID: MULT 72561 Logged by: M. H. Beeson
Well location: 01S/05E-26CDDO01 Date drilled: 12/18/2003
Depth drilled, in feet below land surface: 675

Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 710.62
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Geologic Log For Site MULT 72561

NWIS Site ID: 452649122092501

OWRD Log ID: MULT 72561 Logged by: M. H. Beeson
Well location: 01S/05E-26CDDO01 Date drilled: 12/18/2003
Depth drilled, in feet below land surface: 675

Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 710.62
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Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 710.62

Geologic Log For Site MULT 72561
NWIS Site ID: 452649122092501

OWRD Log ID: MULT 72561

Well location: 01S/05E-26CDDO01

Depth drilled, in feet below land surface: 675

Logged by: M. H. Beeson
Date drilled: 12/18/2003
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Geologic Log For Site MULT 72561

NWIS Site ID: 452649122092501

OWRD Log ID: MULT 72561 Logged by: M. H. Beeson
Well location: 01S/05E-26CDDO01 Date drilled: 12/18/2003
Depth drilled, in feet below land surface: 675

Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 710.62
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Geologic Log For Site MULT 72561

NWIS Site ID: 452649122092501

OWRD Log ID: MULT 72561 Logged by: M. H. Beeson
Well location: 01S/05E-26CDDO01 Date drilled: 12/18/2003
Depth drilled, in feet below land surface: 675

Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 710.62
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Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 1662

Geologic Log For Site MULT FALLS

NWIS Site ID: 453418122064901

OWRD Log ID: MULT FALLS

Well location: 01N/O6E-18ACB

Depth drilled, in feet below land surface: 1662

Logged by: T. L. Tolan
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Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 1662

Geologic Log For Site MULT FALLS

NWIS Site ID: 453418122064901

OWRD Log ID: MULT FALLS

Well location: 01N/O6E-18ACB

Depth drilled, in feet below land surface: 1662

Logged by: T. L. Tolan
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Land surface altitude, in feet above Nation Geodetic Vertical Datum of 1929: 1662

Geologic Log For Site MULT FALLS

NWIS Site ID: 453418122064901

OWRD Log ID: MULT FALLS

Well location: 01N/O6E-18ACB

Depth drilled, in feet below land surface: 1662

Logged by: T. L. Tolan
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APPENDIX B DRILLER COST ESTIMATES



ESTIMATE
Client:
Contact:

SERVICES INC gl

10621 Todd Road East
Edgewood, WA 98372

Aspect Consulting
Christopher Augustine
caugustine@aspectconsulting.com

7/26/2018

971-865-5895

253 604-4878 Project: 1300 foot 16 inch PW well
Drill Type: Dual/Mud Rotary/ Air/ RC
Item Description Unit Quantity Price Total
1 Mobilization of Drilling Equipment LS 1 $ 32,00000 $ 32,000.00
2 Set up Site Rig up and Rig down LS 1 $ 750000 $ 7,500.00
3 Drillinstall and Remove 20" Temporary Conductor Casing LF 20 $ 290.00 $ 5,800.00
4 Drill 19-inch Open Borehole with down hole hammer to 200 Feet LF 180 $ 285.00 $ 51,300.00
5 Switch to Mud Rotary and drill 19" hole to 800 feet LF 600 $ 245.00 $ 147,000.00
6 Furnish and Install 16-inch Production Casing LF 800 $ 104.00 $ 83,200.00
7  Furnish and Install Grout Seal WOC (Min 24hrs) LF 800 $ 58.00 $ 46,400.00
8 Drill 15-inch Air/Reverse Circulation Open Borehole LF 500 $ 240.00 $ 120,000.00
9 Initial Well Development (performed with R-C bit durinq final retrieval) HRS 4 $ 650.00 $ 2,600.00
10 Final Well Development (Performed with Test Pump or Mechanical HRS 6 $ 385.00 §$ 2.310.00
Swabbinq)

11 Mobilization/Demob for Pump Installation LS 1 $ 950000 $ 9,500.00
12  Equipment/Generator Rental LS 1 $ 3,800.00 $ 3,800.00
13  Install and Remove Test Pump LS 1 $ 18,000.00 $ 18,000.00
14  Operate Test Pump HRS 80 $ 315.00 $ 25,200.00
15  Perform Well Disinfection, Alignment Test and Cap Well LS 1 $ 520000 $ 5,200.00
16 Demobilization of Drilling Equipment LS 1 $ 25,000.00 $ 25,000.00

Subtotal $ 584,810.00

Sales Tax 0.0% $ -
Rig Rates for Additional Work:

1 Rig Operating Rate for Additional Work (Non Drilling) Per Hour $650.00
2 Rig and Crew Standby Delays Per Hour $550.00



Exclusions:

©CoONOOORAWN-=-

Access road to drilling location, drilling pad construction, site prep and restoration.
Transportation or disposal of cuttings and drilling fluids off site.

Delays out of the control of the driller

Repair of damage to unmarked utilities

Unspecified obstruction drilling (i.e.: footings, foundations etc.)

Drilling water supply

Union or prevailing/Davis Bacon wages

Performance and payment bonds

Re-drilling of bore holes due to caving or collapsed formations

Any additional work not explicitly included in bid proposal

Traffic control measures

Noise Control (i.e.: sound panels or blankets)

Permits or licenses ( i.e.: traffic control, encroachment, discharge, erosion control, etc.)
Sales tax or use taxes. (All applicable taxes will be added at time of invoicing )

Assumptions:

O©CoONOOOA~WN =

Work has been bid based upon the information provided to Holt with the following exclusions listed above. Work will be billed
Level drill pad 100' X 60" with access, adequate for 2WD rubber tired equipment accompanied by nearby staging area for semi
Drilling spoils and all fluids generated will be discharged to sumps or containers provided by others

An adequate water supply (2" line) will be provided at or near the drill site by the client at no expense to Holt.

Holt Can provide hauling services for transporting water to the drill site at 85.00/hr

All shift delays required for items such as insufficient access, water level measurements or client requested safety training/pauses,
Any re-drilling, hole conditioning or extra tripping of boreholes required will be charged at the provided rig hourly rate, plus

Annular material quantities that exceed 120% of theoretical annulus volumes will be billed at provided unit rates or cost plus 15%,
This proposal is subject to rig and crew availability. Neither party shall be bound by the terms of this proposal until a separate

Thank you for requesting this proposal from Holt Services. We look forward to the opportunity to work with you on this project.

Sincerely,

Robert Stadeli

Holt Services, Inc.

MBL: 503-572-9396
rstadeli@holtservicesinc.com




ESTIMATE 7/26/2018
Client: Aspect Consulting
Contact: Christopher Augustine

SERVICES INC En}re(\ell ggt;?ggg?sesg)saspectconsuItinq.com
10621 Todd Road East

Edgewood, WA 98372
253 604-4878 Project: 1300 foot 10 inch test well

Drill Type: Dual/Mud Rotary/ Air/ RC

Item Description Unit Quantity Price Total
1 Mobilization of Drilling Equipment LS 1 $ 22,000.00 $ 22,000.00
2 Set up Site Rig up and Rig down LS 1 $ 450000 $ 4,500.00
3 Drillinstall and Remove 16" Temporary Conductor Casing LF 20 $ 210.00 $ 4,200.00
4 Drill 15-inch Open Borehole with down hole hammer to 200 Feet LF 180 $ 175.00 $ 31,500.00
5  Switch to Mud Rotary and drill 14-3/4 hole to 800 feet LF 600 $ 185.00 $ 111,000.00
6 Furnish and Install 10-inch Production Casing LF 800 $ 62.00 $ 49,600.00
7  Furnish and Install Grout Seal WOC (Min 24hrs) LF 800 $ 48.00 $ 38,400.00
8 Drill 10-inch Air/Reverse Circulation Open Borehole LF 500 $ 145.00 $ 72,500.00
9 Initial Well Development (performed with R-C bit durinq final retrieval) HRS 4 $ 650.00 $ 2,600.00
10 Final Well Development (Performed with Test Pump or Mechanical HRS 6 $ 360.00 §$ 2.160.00
Swabbinqg)

11 Mobilization/Demob for Pump Installation LS 1 $ 750000 $ 7,500.00
12  Equipment/Generator Rental LS 1 $ 240000 $ 2,400.00
13 Install and Remove Test Pump LS 1 $ 16,000.00 $ 16,000.00
14  Operate Test Pump HRS 80 $ 29500 $ 23,600.00
15  Perform Well Disinfection, Alignment Test and Cap Well LS 1 $ 4,000.00 $ 4,000.00
16 Demobilization of Drilling Equipment LS 1 $ 12,000.00 $ 12,000.00

Subtotal $ 403,960.00

Sales Tax 0.0% $ -

Rig Rates for Additional Work:
1 Rig Operating Rate for Additional Work (Non Drilling) Per Hour $650.00
2 Rig and Crew Standby Delays Per Hour $550.00




Exclusions:

©CoONOOORAWN-=-

Access road to drilling location, drilling pad construction, site prep and restoration.
Transportation or disposal of cuttings and drilling fluids off site.

Delays out of the control of the driller

Repair of damage to unmarked utilities

Unspecified obstruction drilling (i.e.: footings, foundations etc.)

Drilling water supply

Union or prevailing/Davis Bacon wages

Performance and payment bonds

Re-drilling of bore holes due to caving or collapsed formations

Any additional work not explicitly included in bid proposal

Traffic control measures

Noise Control (i.e.: sound panels or blankets)

Permits or licenses ( i.e.: traffic control, encroachment, discharge, erosion control, etc.)
Sales tax or use taxes. (All applicable taxes will be added at time of invoicing )

Assumptions:

O©CoONOOOA~WN =

Work has been bid based upon the information provided to Holt with the following exclusions listed above. Work will be billed
Level drill pad 100' X 60" with access, adequate for 2WD rubber tired equipment accompanied by nearby staging area for semi
Drilling spoils and all fluids generated will be discharged to sumps or containers provided by others

An adequate water supply (2" line) will be provided at or near the drill site by the client at no expense to Holt.

Holt Can provide hauling services for transporting water to the drill site at 85.00/hr

All shift delays required for items such as insufficient access, water level measurements or client requested safety training/pauses,
Any re-drilling, hole conditioning or extra tripping of boreholes required will be charged at the provided rig hourly rate, plus

Annular material quantities that exceed 120% of theoretical annulus volumes will be billed at provided unit rates or cost plus 15%,
This proposal is subject to rig and crew availability. Neither party shall be bound by the terms of this proposal until a separate

Thank you for requesting this proposal from Holt Services. We look forward to the opportunity to work with you on this project.

Sincerely,

Robert Stadeli

Holt Services, Inc.

MBL: 503-572-9396
rstadeli@holtservicesinc.com
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1.0 Introduction

This report concerns the potential development of a groundwater source for the Corbett Waiv,
District, Corbett, Oregon. The Corbett Water District would like to construct a water well to
supplement their current surface water source. The current source consists of two diversions:
one the North Fork and one on the South Fork of Gordon Creek. The purpose of this study is to
identify a site for a new water well.

2.0 Geographic Setting

The Corbett Water District is located in Oregon at the west end of the Columbia River Gorge.
Corbett is the principle community in the water district (Fig. 1). The Sandy River borders the
water district on the west and southwest. The Columbia River borders on the north. The water
district is approximately 8.5 miles long, east to west, and approximately 3.2 miles wide, north to
south. The elevation ranges from approximately 15 feet to 1,300 feet above mean sea level. The
drainages are generally deeply incised and flow to the west and southwest to discharge into the
Sandy River. A narrow band along the northern edge of the water district slopes steeply down to
the Columbia River. The long-term average precipitation varies from approximately 45 inches at
the district’s west boundary to 80 inches at the east boundary. The long-term average
precipitation for Troutdale, Oregon, just west of the district, is 44.9 inches (Western Regional
Climate Center).

3.0 Hydrogeologic Setting

The geology of the Corbett Water District is complex due to the interplay of the
ancestral Columbia River, uplift and volcanism of the Cascade Range, eruption of the
flood basalts of Columbia River Basalt Group, and subsidence of the Portland Basin.
Figure 2 is a compilation geologic map and Figure 3 is a generalized geologic cross-
section. The geologic map is based on a U.S. Geologic Survey map of the Washougal
Quadrangle (Evarts, Et al, 2103) and a Washington Department of Natural Resources
map of the Vancouver Quadrangle (Phillips, 1987). The following description of the
geology generally proceeds from the oldest rocks to the youngest.

Western Cascade Volcanics

Oligocene volcanic and sedimentary rocks of the Western Cascades likely underlie the
entire Water District area. The oldest exposed rock in the Water District occurs along
the shore of the Columbia River at Onion Rock (Evarts, Et al, 2013). The rock is a
porphyritic andesite. The rocks of the Western Cascades are generally altered by low
grade regional metamorphism resulting in secondary clay and zeolite minerals along
joints, fractures and in vesicles, thus greatly reducing the permeability Oligocene rocks
of the Western Cascades. The Oligocene volcanic and sedimentary rocks of the Western
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Cascades are not considered a productive aquifer. There are many wells completed in
these altered volcanics on the north side of the Columbia River that produce very little
water. The few wells that produce significant volume likely intersect recent open
fractures. The yield of these wells often decline significantly over time as the fractures
are drained by pumping at a rate that exceeds recharge. These Oligocene volcanic and
sedimentary rocks are the basement confining unit (Gannett and Caldwell, 1998).

Columbia River Basalts

The early to middle Miocene Grande Ronde Basalt flows of the Columbia River Basalt
Group overlie the rocks of the Western Cascades on an erosional unconformity. The
Columbia River Basalts are only exposed east of Corbett Station, on the lower portion
of the steep slope that rises from the shore of the Columbia River. The Columbia River
Basalts are considered an aquifer.

The Grande Ronde Basalt lava flows flowed west across the Cascade Range via a
structural trough. The Grande Ronde Basalt likely underlies the entire Water District
area. The Grande Ronde Basalt flows were of massive volume and each lava flow
followed in rapid succession; flow on flow. Groundwater flow occurs along the contact
zones between flows and cooling joints within the flows. Fracture zones associated
with faults can locally greatly increase porosity and permeability resulting in very
productive aquifers. The gouge (very finely ground and compressed rock) that occurs
on a fault plane can be a very effective aquitard and as a result there can be significant
changes in hydraulic head across a fault.

Middle Miocene Wanapum Basalt flows overlie the Grande Ronde Basalt on an
erosional unconformity. The time span between the end of the eruption of the Grande
Ronde Basalt and the start of the eruption of the Wanapum Basalt was long enough for
significant erosion and sediment deposition to occur. This time span is called the
Vantage Horizon. Fine grained sediments of the Vantage Horizon can act as effective
aquitards restricting vertical movement of groundwater and significant changes in
hydraulic head can occur across the Vantage Horizon. The Vantage Horizon period of
time was long enough for the ancestral Columbia River to erode a canyon across the
Cascade Range. In the study area, the Wanapum Basalt flows over-topped the canyon
and flowed into Portland Basin. The last basalt flow was the Priest Rapid flow. At
Crown Point the Priest Rapids flow fills a paleocanyon eroded into earlier Grande
Ronde and Wanapum Basalt flows (Tolan & Beeson, 1984). At the base of the Priest
Rapid flow is hyaloclastite that fills the bottom of the paleocanyon. The hyaloclastite
deposit is well exposed at the base of Crown Point. The hyaloclastite was produced as
the Priest Rapids lava flow encountered water and shattered into a mass of glassy
fragments, ranging in size from sand to cobbles. At Crown Point the hyaloclastite is
crudely bedded indicating that it was transported by water down the paleocanyon.

The time period between members of Wanapum Basalt was long enough for fine-grained
soils and sediments to develop between flow members; these are generally referred to as
interbeds. Due to the low permeability of these fine-grained interbeds they will act as
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aquitards between the basalt flow members. The rubbly, brecciated and vesicular zones
at the top and bottom of basalt flows are much more permeable than interior of the
flows where the permeability is limited to the relatively tight cooling fractures of the
entablature and colonnade zones. In this setting the Wanapum Basalt flows have the
potential to be productive aquifers.

Basin Fill Deposits — Troutdale Formation

From late Miocene through the Pliocene the Portland Basin subsided and was filled with
fluvial and lacustrine sediments transported into the basin by the Columbia River and
streams flowing off the Cascade Range (Evarts, Et al, 2013). These sediments occur at
the surface over a large portion of the Water District, except where covered by a thick
deposit of Quaternary loess and volcanic rocks of the High Cascades. This basin-fill
unconformably overlies Columbia River Basalt. In the study area, the basin-fill
sediments are mapped as the hyaloclastic sandstone member of the Troutdale Formation
(Evarts, Et al, 2013). Beds and lenses of conglomerate occur within the hyaloclastic
sandstone. The hyaloclastic sandstone member may be as thick as 600 feet. The
sandstone consists of coarse to very coarse grained angular fragments of vitric and
lithic basalt. The vitric fragments are largely altered to palagonite. Due to the
alteration. the permeability of the hyaloclastic sandstone is expected to be low. Most of
the wells in the study area are completed in the hyaloclastic sandstone and yields are
small. The hyaloclastic sandstone is considered a confining unit and is correlative to
the Willamette confining unit of Gannett and Caldwell (1998). The hyaloclastic
sandstone will thin and possibly pinch out in the eastern portion of the Water District.

High Cascade Range Volcanics and Boring Lavas

Pliocene to Pleistocene age basalt and basaltic andesite flows overly the hyaloclastite
sandstone in the eastern third of the study area, generally east of Crown Point. The
mapped distribution of these flows suggest they flowed westward down a shallow slope
into the Portland Basin (Evarts, Et al, 2013). Several basalt flows have been described
as interbedded with the hyaloclastic sandstone member of the Troutdale Formation
(Tolan and Beeson, 1984; Evarts, Et al, 2013). Flows of the High Cascades cap the
ridge south of Howard Canyon and have an apparent thickness of approximately 400
feet. The geologic map compiled by Phillips (1987) shows almost all of the area east of
Ross Mountain covered by High Cascade volcanics. Wells up to 215 feet deep northeast
of the east end of the Water District and south of Pepper Mountain do not fully
penetrate the High Cascade flows. Because these flows are relatively young, their
permeability is expected to be relatively high.

Chamberlain Hill in the northwest corner of the Water District is a vent from which
basalt lava flows and cinders erupted during the Pleistocene (Evarts, Et al, 2013).
Basalt from Chamberlain Hill has been dated at 1.16 million years (Evarts, Et al, 2013).
This vent is included with the many other vents of the Boring Volcanic Field.
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Loess Deposits

Holocene age loess deposits cover large portions of the Water District. The loess is
composed of fine sand and silt with thin paleo soil horizons within the loess deposits.
The loess deposits likely have no potential to yield significant volumes of water to
wells.

Geologic Structure

Two northwest trending faults have been mapped in the Corbett Station area (Evarts, Et
al, 2013). One inferred fault, trending northeast, is mapped just north of Crown Point.
The faults are shown the Figure 2, a geology compilation map. These faults offset the
Grande Ronde and Wanapum basalts and the overlying hyaloclastite sandstone member
of the Troutdale Formation. Combined, the three faults have dropped top of the
Columbia River Basalt over 600 feet going from east to west across the faults (Evarts,
Et al, 2013). As mentioned above, the fault planes may have very low permeability and
the result would be a higher hydraulic head on the up-gradient side of the faults (east
side). The fracture zones associated with the fault may significantly increase the
permeability of the basalt.

4.0 Area Wells

Wells in the area of the Water District were researched using the Oregon Water
Resources Department’s well log database. Drillers file a log for each well they drill.
The log provides information concerning the material drilled through, water bearing
zones, water yield, and static water level. The logs for 112 wells located inside and
outside of the Water District were reviewed. The well locations are shown on Figure 2.
Selected data from the well logs is summarized in Table 1.

The majority of the wells are less than 300 feet deep and produce water from Troutdale
Formation or the High Cascade Volcanics. The yield of these wells is generally less
than 30 gallons per minute (gpm). Fifteen wells produce water from the Columbia
River Basalt (CRB). The yield of these wells range from 6 to 100 gpm. The deepest
well (MULT 73671), at 1,236 feet deep, is located on Evans Road and reportedly yields
100 gpm. At this well the top of the CRB is 510 feet beneath the surface and depth to
static water is 560 feet. This deep well on Evans Road is located west of the two
northwest trending faults. At a well (MULT 89326) located on Haines Road, east of the
faults, the top of the CRB is 286 feet beneath the surface and the static water level may
be 155 feet beneath the surface. The static water level in some of the wells completed in
the CRB is below the top of the CRB. As mentioned above, the CRB generally occurs
between two confining units.
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5.0 Generalized Geologic Cross-Sections

To help visualize the subsurface in the study area, a generalized geologic cross-section
was constructed that trends north-south from the Columbia River south to about Louden
Road (Fig. 3). The A-A’ cross-section line passes through Crown Point and the site of
the Water District’s water reservoirs. The cross-section is generalized; some of the
geologic units are combined as there is insufficient data to map the individual members
of the CRB. The basin-fill (Troutdale Formation) and the High Cascade volcanics are
combined on the cross-section.

There are no wells in the plane of the cross-section. The wells shown are projected onto
the cross-section. A hypothetical well is shown located at the water district’s two
reservoirs. The contact between the basin-fill and underlying CRB is likely to slope to
the west-southwest into the Portland Basin. The well logs generally describe clay or
claystone above the CRB. As mentioned earlier, the CRB is considered to occur
between two confining units. Predicted groundwater flow directions are shown on the
cross-section. The groundwater flow direction in the basin-fill/High Cascade volcanics
is likely to follow the slope of the surface topography and discharge to streams in the
Sandy River basin. A small amount of groundwater in the basin-fill/High Cascade
volcanics will flow down into the CRB. West of the two faults, the CRB appears not to
be saturated.

The groundwater flow divide in the CRB likely does not coincide with the drainage
divide between the Columbia River and the Sandy River basin. This is due to the large
vertical exposure of 700 to 800 feet of the CRB on the slope above the Columbia River.
It is reasonable to conclude that the CRB groundwater flow divide is shifted to the
south; into the Sandy River basin.

Cross-section B-B’ trends north-south and is located just east of the Water Districts
boundary (Fig. 3). The land owner at 45301 East Larch Mountain Road may allow the
Water District to install a well on the property. A potential well is shown on the cross-
section. No subsurface information is available in this area. The well site is located in
the Latourell Creek/Columbia River drainage basin. The drainage divide between the
Latourell Creek/Columbia River Basin and the Buck Creek/Sandy River Basin is
approximately 500 feet south of the potential well site. It is presumed that a well at this
location would intercept water that would have discharged to streams in both drainage
basins.

6.0 Conceptual Hydrogeologic Model
Hydrogeologic units may consist of a single geologic unit, a portion of a geologic unit,

or several geologic units. The components of a hydrogeologic unit have similar
hydraulic properties. The hydrogeologic units in the study area are:

>_'» 5



1. The basin-fill/High Cascade volcanics is the uppermost unit and watertable
aquifer (unconfined). It consists primarily of the fine grained facies of the
Troutdale Formation (hyaloclastite sandstone). Toward the eastern end of the
Water District and water treatment plant, the Troutdale Formation will thin and
possibly pinch out and the High Cascade Volcanics will thicken. Clay or
claystone is common at the base of the unit and this limits the movement of
water into the underlying CRB. The groundwater in this hydrogeologic unit
discharges to streams in the Sandy River basin. The potential for recharge is
high due to the abundant precipitation. The yield to wells is generally less than
30 gpm.

2. The CRB is the hydrogeologic unit underlying the basin-fill/High Cascades
volcanics. Drainage from the 700 to 800 vertical feet of exposed CRB east of the
northwest trending faults will cause the groundwater flow divide in the CRB to
be shifted south into the Sandy River basin. Recharge of the CRB is limited by
the low permeability of the clay and claystone that is generally present
immediately overlying the CRB hydrogeologic unit. The permeability of
interflow zones between basalt flows can be high. Low permeability fine-
grained sediments can occur between individual members of the Wanapum Basalt
leading to differences in hydraulic head between members. There is commonly a
low permeability claystone or sandstone between the Wanapum Basalt and the
underlying Grande Ronde Basalt, and this can result in significant differences in
hydraulic head across the claystone or sandstone. Where the basalts are
tectonically fractured, the permeability may greatly increase. The CRB can be a
productive aquifer. In this setting, recharge is limited by the overlying and
underlying confining units.

3. The underlying/basement confining unit is the Skamania volcanics. The
permeability of these Oligocene volcaniclastics is very low. It is not considered
an aquifer.

7.0 Groundwater Source Options

Four options for a new water well are discussed below.

Option One — E. Larch Mt. Road

A well could be constructed just north of East Larch Mt. Road, near the address of
45301. As mentioned above no subsurface information is available in this area. The
High Cascade volcanics occur at the surface in this area. The depth to the underlying
Basin Fill and CRB cannot be predicted. A well at this location would be in the
Latourell Creek/Columbia River drainage basin. It can be presumed that more than
50% of the groundwater pumped from this well would have discharged to streams in the
Columbia River Basin. It is possible that a well completed in the High Cascade
volcanics could produce enough water to satisfy the Water District’s needs.
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Option Two — Well at Reservoirs #1 and #4

A well could be constructed at the location of the Water District’s Reservoirs #1 and #4.
This is the location of the hypothetical well shown on the geologic cross-section. The
target aquifer is the CRB. Based on the foregoing discussion of geology and
hydrogeology, a well at this location that is completed in the CRB will intercept water
that would have discharged to the Columbia River.

The Oregon Water Resources Department has made a preliminary conclusion that a well
at the Water District’s treatment plant may impact threatened and endangered species
(OWRD, 2015). Presumably a well at this location would intercept groundwater that
would have discharged to Gordon Creek, a tributary of the Sandy River. However, a
well at the location proposed above, that withdraws water only from the CRB, will not
impact Gordon Creek or the Sandy River.

A well at the location of Reservoirs #1 and #4 should have a minimum planned depth of
1,000 feet. The water level in the CRB is not known at this location. The well casing
would be sealed into the top of the CRB. The possibility of drilling a test well should
be considered. If the test well is favorable in terms of yield, then a production well
would be designed. Knowing the static water level and the water level while pumping
would be useful for determining the diameter of a production well required to
accommodate the pump. The design of a production well is largely dependent on
diameter of the pump and motor needed to lift the water to the surface.

If a production well was drilled, then conservative assumptions would have to be made
concerning what the pumping water level would be. Assuming the pumping water level
is below the top of the CRB at 600 feet beneath the surface and the pumping rate is 400
gallons per minute (gpm), the pump motor would be 8-inches in diameter (75 hp). The
permanent casing would be 12-inches in diameter and the steel liner in the open hole
below the casing would be 10-inches in diameter.

Option Three — Corbett Station

An option would be to drill a well near Corbett Station, just to the east of the mapped
northwest trending fault. A well at this location may encounter a permeable fracture
zone in the CRB that could be hydraulically connected to the Columbia River. This
would be a much shallower well. The problem, however, is the cost of a pipeline to get
the water up to the system’s reservoirs.

Obption Four - Water Treatment Plant

An option would be a well at the water treatment plant. The well would be used for an
aquifer storage system. Treated stream water would be injected into the well during the
winter, when stream flow is high, and then withdrawn in the summer and fall as needed
when the stream flow is low. This system would avoid impact to streams during low
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stream flow periods. Water that is injected and not recovered from the aquifer would
return to streams in the Sandy River basin. It is likely that the storage would be in the
High Cascade volcanics as the hyaloclastite sandstone may have pinched out and not be
present. Little is known about the subsurface at the treatment plant. This option would
require significant research and testing.
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